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University of New Hampshire
This work is comprised of two main efforts: the design, construction, and flight of a rocket-borne
fluxgate magnetometer, and the examination of Pc1 pearl pulsations using data from the Van Allen
Probes and MMS missions.
Our first concentration regards the design and fabrication of an improved fluxgate magnetome-
ter. The instrument makes use of an elongated racetrack geometry to improve on the signal-to-noise
ratio of previous designs. We additionally examined refined heat treatment procedures to optimize
the crystal structure of the magnetically permeable core material and were able to increase the size
of crystal grains. The magnetometer was successfully flown on the RENU2 auroral sounding rocket
mission, although the recorded data were coarser than would allow for current identification. We
go on to demonstrate the methods employed to perform a flight orthogonalization and calibration
of the instrument using comparisons of the measured field to the modeled IGRF field.
Our second effort concerns the in situ examination of Pc1 pearl pulsations using data from
the Van Allen Probes and MMS missions. These waves were found to differ from traditional
unstructured EMIC waves in their spatial and storm-time occurrence, as well as in the independence
of their excitation frequency relative to the background magnetic field. This independence, as
well as conjugate observations showing similar behavior in space and on the ground, contradicts
previously proposed generation mechanisms. We found a dependence of both occurrence and wave
propagation directionality on the formation of a gradient in the dominance of heavy ions in the inner
xii
magnetosphere near the plasmapause. Additionally, we recorded cases of pearl pulsation events
alternately displaying the characteristics of magnetosonic and ion cyclotron waves. We propose
that pearl pulsations are generated through the coupling of incident magnetosonic wave energy
with the ion cyclotron wave mode at the dispersion surface created by this heavy ion boundary.
Closely-spaced harmonics of wave activity in the magnetosonic mode would constructively interfere




The interaction between transient disturbances launched from the Sun and the Earth’s magnetic
field provide a wealth of energetic processes and particle populations. These can range from sudden
injections of energy, such as the hour-long substorms which drive the night time aurora, to the
formation of belts of highly energetic particles, which can persist for months.
The framework that holds this system together and allows these different processes to interact
is the magnetic field generated at the Earth’s core. The transfer of energy to different parts of
this framework is mostly accomplished through the generation and propagation of electromagnetic
waves. These waves come in many different flavors, and are most often categorized by their direc-
tion of propagation, polarization, and frequency range. We can detect these waves in the Earth’s
magnetosphere by measuring deviations/fluctuations in both the magnetic and electric fields. Ad-
ditionally, in order to characterize the directionality and polarization of the wave, we must be able
to measure the strength and direction of the background magnetic field. The instrument most
commonly used to perform this function in the space environment is the fluxgate magnetometer.
The first half of this study will describe our work on the development and construction of an
improved fluxgate magnetometer design called a racetrack magnetometer. In the second half we will
examine a particular subset of electromagnetic ion cyclotron waves known as Pc1 pearl pulsations,
which are responsible for the energy transfer between resonant ion populations (and possibly to
high-energy electrons).
1
1.1 What is a Space Plasma?
The medium that fills the interplanetary space outside of Earth’s atmosphere consists of a plasma.
Sometimes referred to as a fourth state of matter (beyond the traditional phases of solid, liquid,
and gas), a plasma is an energetic state of matter that behaves in many ways like a fluid, but is
composed of electrically charged particles. The electrical charge typically results from the stripping
away of one or more electrons from the neutral particle by sufficiently energetic photons or charge-
exchange collisions. Due to their charge, these particles are additionally constrained by any present
magnetic (and possibly electric) field. Whether the motion of the magnetic field dominates the
motion of the particles or vice versa depends on the ratio of the plasma particle pressure to the
magnetic field pressure given by β = (nkBT )/(B2/2µ0). Where the particle pressure dominates
that of the magnetic field (ie, high density n or average temperature T ), the motion of the particles
will drag the field with it, in turn influencing the motion of surrounding particles interacting with
the same field line. Where the magnetic pressure dominates (ie, high magnetic field strength B),
the motion of field lines will push and pull nearby particles along.
Plasmas can be created in laboratory environments seeking to study subjects such as fusion
and manufacturing, but the plasma that exists in outer space differs by its extremely low density.
While this region does not constitute a perfect vacuum, the density of the interplanetary space
environment is several orders of magnitude smaller than that achievable in a laboratory. In the
near-Earth solar wind, for example, a typical pressure measurement is on the order of several
nanoPascals, whereas the lowest value attained in typical laboratory pressure chambers is on the
order of 1010 nanoPascals.
Because of this low density, space plasmas are often described as collisionless. In this environ-
ment, the rate at which ionized particles come into contact with stray electrons to recombine into
a neutral particle is so low that for the region and timescales we are interested in studying we can
essentially claim they will never meet. As such, this environment of charged particles will obey the
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equations of motion governed by electromotive forces. The ease of motion along a magnetic field
line, especially for electrons, means any field-aligned electric field structures are short-lived, and
the plasma takes on a neutral average charge density.
Towards lower altitudes at Earth, the magnetospheric environment transitions from a rarefied
space plasma to the dense neutral atmosphere near ground level. Within this transition region lies
the ionosphere, a range of the upper atmosphere composed of both ionized plasma and a larger
neutral population. While the ionized component still interacts with the background magnetic field
as described in section 1.3, the dominant neutral component reduces the mean free path length
traveled by ions and electrons before colliding with other particles. These collisions translate into
finite measurements of electrical conductivity/resistance as well as convection. By enabling finite
electrical conduction across the magnetic field, the ionosphere provides a source of current closure
for magnetospheric field-aligned currents and a distinct change in the refractive index for traveling
plasma waves.
The lack of collisions in the magnetosphere means that more familiar modes of energy trans-
fer1 are not available, which can lead to non-isotropic distributions of particle populations. These
can range from uneven distributions of temperatures in certain directions, to overlapping popula-
tions of different energy ranges, to isolated beams through a stationary group of particles. These
anisotropies in the plasma are still unstable configurations, however, as they would be in any typ-
ical fluid or particle distribution. To achieve a state of lowest potential energy, the system will
seek isotropization of these distributions, and will do so via a radiative transfer of energy and
momentum, ie wave generation.
1Namely, collisional conduction and convection
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Classification Period (sec.) Frequency (Hz)
Pc 1 0.2 to 5 0.2 to 5
Pc 2 5 to 10 0.1 to 0.2
Pc 3 10 to 45 0.022 to 0.1
Pc 4 45 to 150 0.006 to 0.022
Pc 5 150 to 600 0.0016 to 0.006
Pi 1: 1 to 40 sec 0.025 to 1
Pi 2: (primarily pt) 40 to 150 sec 0.006 to 0.025
Table 1.1: Period and Frequency range of geomagnetic pulsations in the ULF range as
defined by IAGA
1.2 Plasma Waves
The rarefied nature of a space plasma implies particles cannot exchange information through col-
lisions. This rules out the presence of collisional interactions such as traditional acoustic waves.
Instead, waves in this medium must propagate through the available field structures so will be
confined to electromagnetic and electrostatic modes, as well as the magnetosonic mode (a hybrid
version of a magnetic and acoustic wave mode). Electromagnetic wave modes can travel from the
space environment to the Earth’s surface where they can be detected by magnetic or electric field
oscillation measurement instruments. Because of this, most early studies of the magnetosphere
relied on inferences from wave observations made on the ground.
Plasma wave classifications were first made according to oscillation period, and were delineated
into strict categories by the International Association of Geomagnetism and Aeronomy (IAGA).
Table 1.1 lists the wave period and frequency ranges for continuous pulsations (Pc) and irregu-
lar pulsations (Pi) in the Ultra Low Frequency (ULF) range as defined by IAGA in Resolution
13 (1963). These somewhat arbitrary classifications provide little explanation into the driving in-
stability or wave mode, but are still used today in order to provide a reference to other known
frequencies and wave ranges.
The pearl pulsations we will primarily focus on in this work fall into the Pc1-2 range, but
our observations in fact span anywhere from 100mHz to 10+Hz. These waves are a subcategory
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of the electromagnetic ion cyclotron (EMIC) wave mode described in section 4, and are typically
generated through resonant interactions between field perturbations and the left handed cyclotron
motion of ions.
1.3 Particle Motion
There are three types of motion to describe the trajectory undertaken by a charged particle in
Earth’s magnetosphere: cyclotron gyration, field-aligned bounce, and orbital drift. These act in
concert to form a complicated orbit which can be disrupted by various external drivers depending
on the time and spatial scales affected.
1.3.1 Cyclotron Motion
The first type of particle motion, cyclotron gyration, describes the movement of a particle in the
presence of a static and homogeneous magnetic field. Plasma particles are primarily guided by the
Lorentz-force law
F⃗L = qE⃗ + q v⃗ × B⃗ (1.1)
for an electric field E⃗, a magnetic field B⃗, particle charge q, and particle velocity v⃗. Immediately
we can see from (1.1) that any electric fields oriented in the same direction as B⃗ due to charge
separations will quickly be counteracted by movement of the particle along (or against, depending
on the sign of q) the field direction. The second term, however, describes a force perpendicular to
both the particle motion and the magnetic field direction. What this means is that the component
of the particle velocity directed across the magnetic field will lead to the creation of a force turning
that particle’s motion. In the simplest case, the motion of the particle in the plane perpendicular to
the magnetic field will trace out a circle. The equation of motion for this circle in the case E‖ = 0
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for a component ⊥ perpendicular to B⃗ is given by
FL⊥ = mv˙⊥ = qBv⊥




known as the cyclotron frequency. The gyrofrequency fc = Ωc/2pi then is a particle property
independent of its kinetic energy or direction of motion (for the non-relativistic particles we will
consider here), and varying only by the strength of the local magnetic field measurement B. The
direction (or handedness) of this cyclotron motion will depend on the sign of the charge q, and will
be right-handed for electrons, while left-handed for ions.
The differences in mass mean that the gyrofrequencies for electrons and protons will be separated
by an order of ∼1840. The mass m will lead to lower cyclotron values for heavier ions such as He+
and O+, and though the number densities for doubly-ionized are typically low enough in Earth’s
magnetosphere that we do not typically consider their contribution, the charge q will give a higher
gyrofrequency for He++ than He+. We will see in section 4.1 that disparity in cyclotron value will
lead to wave modes in very different frequency regimes, and that wave modes in the Pc1-2 range
resonant with positively-charged particles will often be separated into bands based on the wave
frequency relative to local ion gyrofrequencies. The gyrofrequency of a proton will typically be on
the order of several Hz in our region of study, and this same gyromotion will constitute the resonant
interaction that drives the EMIC wave activity we record in section 5.
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1.3.2 Bounce Motion
The second type of particle motion relates to the motion of a charged particle within a magnetic
bottle. Rather than a homogeneous magnetic field as above, we will now consider this field to
exhibit a positive gradient in magnitude away from a midpoint. The particle will still undergo the
gyromotion, but as we saw in equation (1.1), the equation of motion leading to this gyration is only
due to the particle velocity perpendicular to B⃗. If there is any parallel component to the particle
velocity, this gyration will turn into a helical motion from a stationary point of view. In cases where








will be conserved [Northrop and Teller, 1960]. This moment µ is known as the first adiabatic
invariant, and the conditions of a gradual relative change in B are often conserved for geomagnetic
disturbances.
As the particle moves along the gradient to regions of larger magnitude, µ will be conserved, so
v2⊥ must also increase. We have stated before that E‖ = 0 due to the fast motion of electrons along
the field to quench any induced electric field, and since the magnetic field does not accelerate the
particle the total kinetic energy will be conserved. For 12mv2 to remain constant as v⊥ increases,
v‖ must decrease until it reaches a point where v‖ = 0. This is known as the mirror point, and the
particle will reflect from this point back towards the region of lower field magnitude, overshooting
and in turn being reflected at the opposite mirror point. Particles are thus trapped within this
magnetic bottle, reflecting back and forth while gyrating along the field lines.
In the dipolar magnetosphere, this bottle is generated by the increase of field strength at the
magnetic poles relative to the equatorial field magnitude. Particles gyrating about field lines will
mirror at some poleward boundary defined by their kinetic energy and equatorial pitch angle (the
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value αeq = tan−1(v⊥/v‖) as measured at the magnetic equator, the typical point of minimum B
along a magnetic field line in a dipole configuration2). The typical timeframe of this bounce motion
for protons is on the order of minutes. Particles with higher energy and more field-aligned equatorial
pitch angle values will mirror at higher (ie, more poleward) magnetic latitudes, possibly reaching
a configuration where they encounter collisions with the neutral atmosphere close to the Earth’s
surface. These particles are then considered “lost” to the magnetospheric system. This process
is referred to as precipitation, and is driven by mechanisms which can violate the steady-state
requirements of the first adiabatic invariant such as wave-particle interactions.
The typical timescales of this bounce motion for ions is on the order of the temporal modulation
of pearl pulsations. This has led to several generation theories (discussed in section 4.3.1) which
tie the bounce motion of bunched particles and resonant waves with pearl modulation.
1.3.3 Drift Motion
The third type of particle motion relates to electric fields and forces oriented perpendicular to B⃗,












where W⊥ and W‖ are the perpendicular and parallel particle energy, Rc is the radius of curvature
of the magnetic field line, and rˆc is the unit vector pointing outwards from the center of curvature.
The second and third terms in equation (1.2) make up the bulk of the drift velocity component,
and are often referred to together as the gradient-curvature drift. The curvature arises when we
take the magnetic bottle configuration leading to the bounce motion and bend it such that the
2The pitch angle distribution f(α) for a given particle population is most often found to be symmetric about 90◦
(indicating a perfectly trapped population) so that measurements of 0◦ < f(αeq) < δ and 180◦ − δ < f(αeq) < 180◦
(indicating particles lost to the atmosphere) are identical. The value δ defines what is referred to as the loss cone,
and represents the range of equatorial pitch angles for which a particle will not mirror before colliding with the
atmosphere.
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high-field endpoints curve downwards towards the surface of the Earth. This curvature creates a
centrifugal force on the particle as it bounces along the field line acting outwards across the field
direction. The decrease in field magnitude radially from the center of the Earth creates a gradient
across this magnetic bottle. As the particle gyrates around the field line, the gradient across the
range of this gyroorbit will generate a difference in gyroradius from one side of the orbit to the
other. This gradient will be directed in the opposite direction as rˆc, such that both terms will be
oriented together. It is important to note that both of these terms are dependent on the particle
charge q, so ions and electrons will drift in opposite directions around the Earth (ions moving
westwards while electrons move eastwards). This will lead to the generation of a portion of the
ring current described in section 1.4.2.
The first term in equation (1.2) is the basic E⃗ × B⃗ drift motion for large-scale electric fields,
and will incorporate contributions from the convection electric field (pointing from dawn to dusk)
generated by the constant stream of solar wind particles across Earth’s magnetosphere, and the
corotation electric field generated by the plasmaspheric plasma rotating with the diurnal motion
of the Earth. Both electrons and positive ions will travel eastwards, and there is no dependence
on particle energy or mass. This component is particularly important for lower energy ions, where
the E⃗ × B⃗ drift can become comparable to the gradient-curvature drift. Simulations by Ferradas
et al. [2016] using realistic conditions show that for ions at energies less than ∼10 keV, the E⃗ × B⃗
drift term can dominate. This eastward motion can contribute to the injection of lower-energy
ions across the dawn side of the magnetosphere into the morning sectors within tens of hours of
storm-driven particle injections.
1.3.4 Betatron Acceleration
Given the particle modes of motion described above, consider the case where the background
magnetic field strength is increased at a rate slower than the particle gyroperiod. This can occur
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through compressions of the magnetosphere by solar wind transients or long period electromagnetic
waves in the Pc4-5 range or lower. By preserving the first adiabatic invariant, the perpendicular
component of the particle velocity will change in proportion to the magnetic field strength. This
process, known as betatron acceleration, will not conserve total kinetic energy, nor will it affect
the parallel velocity component. Instead, the equatorial pitch angle will focus towards 90◦ causing
the affected particle population to mirror at points closer to the magnetic equator. We will see
in section 4.2 that this mechanism can lead to instability conditions of free energy that is then
released in the form of electromagnetic waves such as the EMIC waves that make up our study.
1.4 Magnetosphere
The Earth’s magnetic field serves to mitigate impacts from disturbances in the solar wind. This
dynamic and reactive cavity is known as the Magnetosphere. The outward pressure exerted by the
primarily dipolar internal field is matched at some distance away from the Earth by a combination
of the particle pressure and interplanetary magnetic field pressure within the solar wind. The solar
wind pressure compresses the field on the sunward side of the magnetosphere creating a more oblate
shape, but in the inner magnetosphere where we have conducted the majority of our observations,
a dipole approximation is sufficient. This field is given as a function of the equatorial distance of
the field line from the center of the Earth r and the magnetic latitude (MLat) λ by




1 + 3 sin2 λ
cos6 λ
(1.3)
where B⊕ is the equatorial magnetic field strength at the Earth’s surface and r⊕ = 6371 km is the
radius of the Earth. In these coordinates, the bounce motion described by particles gyrating along
field lines confines them to shells at a distance r = L cos2 λ from the center of the Earth. The L
term here is simply equal to the distance of this shell at the magnetic equator (λ = 0). Particle
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motion is often described in terms of motion along these Lshells, and magnetospheric regions are
often identified by their distance in L and the MLat λ [McIlwain, 1961].
A portion of the energy imparted from the collision of transient solar wind disturbances with
this magnetosphere is absorbed into the system through the generation of waves and the heating of
various particle populations. These processes, coupled with the constant barrage of solar radiation
and leakage of the upper atmosphere out into space, create a dynamic environment populated by
distinct particle populations.
The densities of these populations are rarefied to such an extent that in some regions these
populations will overlap in space without coming into direct contact. These populations cannot
come to a common equilibrium in terms of temperature or pitch angle distribution through the
direct interactions (ie, collisions) we observe in a traditional medium, so can only transfer energy
and information through a common shared structure. As explained in section 1.1, this structure is
the surrounding magnetic field.
1.4.1 Radiation Belts
The radiation belts, also known an as the Van Allen radiation belts, are two naturally-occurring
structures composed of high-energy particles in the inner to middle magnetosphere. Due to the
three methods of particle motion listed in section 1.3, these belts take on a toroidal shape as the
particles bounce between conjugate points and drift around the equator. They consist of an inner
belt at L=1.5-2 composed mostly of energetic (∼10 MeV to 1 GeV) protons and an outer belt at
L=3-6 of high-energy (200keV to 10s of MeV) electrons. The inner belt is considered to be very
stable, with few geomagnetic disturbances able to affect its extent and plasma composition.
The outer belt, however, is highly dynamic and is both a driver and result of geomagnetic
processes. The inner limit of this belt is thought to be relatively stable, but differs in location
according to the specific electron energy range examined. The outer limit can interact with the
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magnetopause during severe magnetic compressions, and the entirety of the belt can be lost to
magnetopause shadowing during the most extreme events. Similarly, the strength of the belt can
be increased or depleted following a storm due to a complex cascade of wave-particle interactions
that is still not fully understood.
The waves that are most commonly believed to be responsible for this electron energization are
a combination of whistler mode chorus waves and plasmaspheric hiss, though the magnetosonic
mode has also been shown to alter pitch angle configurations. EMIC waves have been theorized to
play a role in the depletion of these highest energy electrons through a Doppler shift of the observed
wave polarization when electrons move at relativistic speeds [Omura and Zhao, 2012; Denton et al.,
2015]. These revelations have renewed interest in the study of EMIC waves during the current era
of regular in situ measurements of radiation belt activity, especially for those waves exhibiting the
coherent rising frequency tones thought best able to trap relativistic electrons [Pickett et al., 2010;
Omura et al., 2010].
1.4.2 Ring Current
Further inwards than the outer reaches of the radiation belts, but overlapping in space lies the ring
current. This toroidal structure consists of an energetic plasma component in the 10-200 keV energy
range made up of both ions and electrons, and spans an Lshell range of ∼2-7. The particles at
this energy are dominated by the gradient-curvature drift terms, and so drift in opposite directions
around the Earth creating a current. This current structure induces a dipole magnetic field which
opposes the natural core-driven field.
The ring current is made up of both a stable and a storm-time component, so varies in inten-
sity relative to geomagnetic activity. The magnitude of this change is reflected in the Dst index,
described in section 1.5. The stable quiet-time ring current is generated by the net gyromotion
of both the total number of ions (n+) and electrons (n−) about magnetic field lines. This gyro-
12
motion constitutes individual magnetic moments µ from which we can take a curl to find the net
magnetization current JM :






Here we have translated the magnetic moment into the perpendicular pressure term p⊥ via the
perpendicular velocity constituting gyromotion. Distributing the curl ultimately results in a mag-









The particle motion described by the gradient and curvature drift velocities given by the second
and third terms in (1.2) can also be rewritten in terms of the perpendicular and parallel pressure













The storm-time portion of the ring current is formed by freshly injected particles from the
magnetospheric tail brought in by substorms as well as electric-field driven convective motion. It
coalesces over a period of hours, first forming a partial structure which eventually creates a complete
ring as particles drift around the Earth.
The ions that make up this current have a considerable amount of free energy, and are often
focused into a more trapped distribution through the betatron acceleration mechanism as they
are brought from low magnetic field regions in the tail to the inner magnetosphere. Additionally,
as ions are injected into the magnetosphere from the Earth’s tail region during substorm activity
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they will take slightly different drift paths based on their pitch angle. This “drift-shell splitting”
[Sibeck et al., 1987] results in distinct regions of higher temperature anisotropy as well as regions
comprising “butterfly” pitch angle distributions. These mechanisms form an unstable population of
anisotropic ions at 10s of keV which can most easily release their free energy through the generation
of ion cyclotron wave activity.
1.4.3 Plasmasphere
At lower Lshells than the higher-energy torii above, the corotating plasmasphere consists of dense
cold plasma in the ∼1 eV energy range. This region extends outwards from the tenuous upper
atmosphere near the surface of the Earth to a variable distance of L≃3-5 depending on geomagnetic
conditions. During active periods, the outer boundary can be eroded away through convection
driven by the solar wind [Nishida, 1966] over a period of several hours. During these periods, the
region previously dominated by the corotation electric field is taken over by the convection electric
field, pushing the dominance boundary to lower L. The convection field is oriented from Dawn to
Dusk across the magnetosphere, and accelerates plasma in the afternoon and dusk sectors outwards.
This creates a steep gradient in plasma density at this boundary known as the plasmapause roughly
circular in shape with an enhanced bulge at the dusk sector. As the geomagnetic storm progresses,
this bulge develops into a plume structure that extends sunward and wraps around the middle
magnetosphere. Over a period of several days after the main phase of the storm, the convection
boundary is reset to its original balanced configuration and plasma escaping along field lines from
the ionosphere refills the plasmasphere.
This dense plasma component is instrumental to the formation of various wave modes including
EMIC waves. For example, the plasmapause forms the boundary between regions of whistler mode
chorus and hiss wave growth (both electron-scale waves), and basic linear theory of ion cyclotron
waves shows growth is proportional to cold plasma density. The sharp gradient in plasma density
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at the plasmapause creates a change in the index of refraction for plasma waves altering their
propagation and polarization parameters. Localized flux tubes of relative high density act to
guide waves along the density enhancement, while rarefied tubes leak wave energy [Streltsov et al.,
2012]. Refractive surfaces will similarly be generated by transitions to regions of changing plasma
composition, since heavier ions will react differently to field perturbations. We will examine the
effects of such a surface where the O+ dominates over the H+ for the 10s of keV energy range in
the inner magnetosphere. We believe that this gradient in the EMIC wave dispersion surface is an
instrumental factor in the generation of Pc1 pearl pulsations.
1.4.4 Ionosphere
Finally, at the base of the plasmasphere and above the neutral atmosphere of the Earth is the
ionosphere. This is a dense region of plasma located at an altitude of 50-1000 km. This plasma is
formed by Solar UV radiation impinging on the local neutral particles and is mostly composed of
O+, especially at lower altitudes. This region allows for current closure for the field-aligned currents
generated during storms and substorms, and the finite conductivity levels provide feedback to the
magnetosphere where they have an influence on the field structure and characteristics.
This highly conductive surface will not only affect the behavior of waves traveling through it
along field lines, but will generate a cavity known as the Alfvén Resonator Cavity allowing for
the ducting of waves along the Earth’s surface. This is particularly resonant with Pc1 waves, and
adds additional challenge to inferences of wave source regions made based on waves observed by
ground stations. As such, conjugate observations made between ground and in situ observatories
are necessary to properly understand the behavior of wave events.
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1.5 Solar Wind as a Driver
The constant barrage of energy from the Sun in the form of the Solar Wind is the primary driver of
activity and energization in the Earth’s magnetosphere. Not only does the incoming pressure warp
and compress the magnetic field structure, but the induced convection processes drive the flow of
magnetospheric plasma populations from the tail back into the inner magnetosphere. This constant
exchange of energy can only be isotropized in a collisionless medium through wave activity, so the
instabilities generated by this particle movement will inevitably lead to the generation of a cascade
of electromagnetic perturbations.
The basic cartoon of the geomagnetic storm generated by the interaction between the magneto-
sphere and a sudden pulse of pressure coupled with a southward-oriented interplanetary magnetic
field (IMF) is known as the Dungey Cycle [Dungey, 1961]. Incoming magnetic field with a compo-
nent anti-aligned with the Earth’s field will reconnect at the dayside, pushing back the outer reaches
of the magnetopause and connecting the magnetospheric cusp regions directly to the IMF. These
open field lines are swept back towards the tail with the flow of the solar wind, where a combination
of dynamic pressure and a generated tail current will once again lead to field line reconnection, this
time in the tail of the magnetosphere. The newly closed field line on the Earthward side of this
reconnection point will drag plasma from the tail region into the inner magnetosphere, where it
will either be lost to the atmosphere when accelerated by field-aligned currents or will be injected
into the ring current system.
Any increase in the strength of the ring current, also contributed to through global-scale con-
vection patterns, will oppose the Earth’s natural dipole field. This effect is measurable, and has
become a parameter by which the strength of these geomagnetic storms can be ranked known as the
disturbed storm time (Dst) index [Akasofu and Chapman, 1961]. The typical pattern of this index
is that an initially zero-valued Dst indicative of a stable ring current presence will initially rise by
several 10s of nT due to the compression of the magnetosphere by increased solar wind pressure,
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known as the sudden commencement. The ring current will then be strengthened by incoming
energetic plasma, driving the Dst down to ∼-50 (for weak storms) or to ∼-400 nT (severe storms)
over a period of several hours. Over the next few days, the ring current energy will be lost to
particle scattering and wave generation, and the Dst will rise towards 0 nT. This typically happens
in two stages, with a faster early recovery period over the first 1-2 days followed by a late recovery
period spanning several days further. While a single measured value is incapable of describing the
myriads of small scale effects which may or may not occur during each storm, it does provide a
general idea of the severity and stage of the disturbance.
Two other indicators of geomagnetic activity are the K-index and the Auroral Electrojet Index.
The K-index is a quasi logarithmic conversion of disturbances of the horizontal magnetic field
component at various ground magnetometer stations into an integer value [Bartels et al., 1939].
The conversion has been empirically derived compared to known disturbances for various stations
around the world such that higher latitude stations require a larger field disturbance as that of a
lower latitude station to register a particular K-value. By performing a weighted average over a
multitude of stations worldwide a planetary K-index (Kp) can be calculated. This index ranges
from quiet (K<4), to disturbed (4<k<6), to active (6<K) classifications of geomagnetic activity
for the planet as a whole. The auroral electrojet is a persistent horizontal current structure in the
D and E regions of the auroral ionosphere formed by the presence of locally enhanced ionospheric
conductivity and electric fields. The presence of this current can be inferred from the deviations of
the horizontal magnetic field component from a normalized base value measured at 10-13 ground
observatories located near the auroral oval. This measurement in nT is referred to as the AE index
[Davis and Sugiura, 1966], and has been correlated with substorm activity and auroral particle
precipitation. These indices are determined from measurements of the Earth’s magnetic field using
instruments capable of measuring the full magnitude and directionality of the field. The instrument
typically used for this purpose in the space physics field is the fluxgate magnetometer. We will
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describe the general function and design of a fluxgate magnetometer in section 2, and outline the




The magnetometer is one of the essential instruments used to study elements of the space plasma
environment we have described in section 1.4. Magnetometers are responsible for the majority of
our collected data observations regarding EMIC wave activity discussed in later chapters. Since so
many properties inherent to the plasma environment depend on the full magnetic field magnitude
and direction, it is essential to have an instrument that can make those measurements in situ. There
are several types of instruments that can measure either changes in the field (such as search coil
magnetometers) or even total magnitude without directionality (such as a proton magnetometer),
but the fluxgate magnetometer is the only device which can measure full field vectors in the desired
frequency range at such a low cost (both for fabrication and upkeep) and with such a simple
construction. We will see that there are no moving parts in the design, so the instrument is not
subject to the usual sources of operational wear.
While these devices were first developed in the early 1930s [Thomas, 1935] as a successor to the
traditional compass, they are routinely used in a variety of applications ranging from survey devices
to scientific studies. The first ring core design, upon which most of the modern instruments of today
are based, was introduced by Aschenbrenner and Goubau [1936]. The core magnetic material was
originally suggested by Thomas [1935] to be made up of the nickel-iron (78.5%-21.5%) alloy known
commercially as Permalloy, and this family was further developed in the late 1960s to include a
molybdenum component [Gordon et al., 1968]. The molybdenum permalloy mixture was found
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to have the highest magnetic permeability available at the time, and so was widely used in the
sensor core in both commercial and military applications. However, the exact recipe for this alloy,
specifically relating to the heat treatment process, has since been lost.
Fluxgate magnetometers in space applications today are typically designed with a ring-shaped
core. While the circular design allows certain liberties to be taken with the overall volumetric budget
of the instrument, we have found that elongating the sense axis provides a lower instrumental noise
measurement. We built a high-resolution fluxgate magnetometer by optimizing both the geometry
of the device and working to improve the Permalloy annealing process. We will discuss the theory
behind the function and design of our instrument here, and present the fabrication and calibration
process of our flight instrument in section 3.
2.1 Applications
Fluxgate magnetometers are prized for their low power requirements and rugged design. The lack
of moving parts makes them particularly appropriate to the harsh environment of outer space. The
main limitation of this instrument design is the susceptibility of the sensor to temperature swings.
Though this behavior is not completely understood, it is believed that changes in temperature can
sufficiently affect the permeable core material structure to cause the DC field measurement to drift.
This downside is overshadowed, however, by the savings in manufacturing and power consumption
costs of such a simple design.
A new magnetometer design would be desirable not only for spacecraft applications, where
ever more sensitive equipment is always sought-after, but also as a replacement for equipment
in ground observatories. Currently, ground observatories use search-coil magnetometers for wave
measurements due to their high sensitivity, but these are only able to measure the changes in the
magnetic field and not the magnitude or total field direction. Observatories will additionally use
scalar magnetometers or DC magnetometers to supply context to these wave measurements and
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so must employ the use of both types of devices. Our hope is that a sufficiently sensitive fluxgate
magnetometer could obviate search-coil magnetometers, reducing the cost and complexity of these
observatories.
2.2 Traditional Fluxgate
Fluxgate magnetometers work on the principle of inducing a known field within a magnetically
permeable material, and measuring the response of the material to the induced field. This response
will vary with the strength and orientation of the ambient magnetic field, allowing a calibrated
instrument to infer these quantities. Figure 2-1 shows the basic configuration of two versions of a
rodcore design, in which two sets of windings encircle the permeable material. The inner winding
(marked ω) is known as the drive or excitation winding, and is used to cyclically saturate the
magnetic core in opposite directions by passing a known alternating current through the wire.
The outer winding (marked 2ω) is the sense or pick-up winding which will produce a voltage that
depends on the magnetic flux it detects within the core.
2.2.1 Mechanical Design
While a single rod-core design is the simplest magnetometer construction, having dual cores allows
the drive signal to be masked from the sense winding through a phase shift between the two
cores. Since the Apollo 16 mission, however, space science missions have focused on the ring core
magnetometer design [Dyal et al., 1973]. This design makes use of the field generated by the drive
coils acting in opposite directions for each half of the sensor, similar to the operation with two rod
cores as shown in Figure 2-1. For a ring-core design, the permeable material forms a ring shape,
often wound as a thin tape onto a non-magnetic bobbin. The drive coil is then wound toroidally
around this core, taking care to apply a uniform rate of turns.
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Figure 2-1: Cartoon showing two versions of the basic rod-core
magnetometer sensor design from Dolginov et al. [1961]
Figure 2-2: Cartoon showing the construction of a ring-core magnetometer design from
Dyal et al. [1973]© IEEE.
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In Figure 2-2 we can see a cross-sectional cartoon of a ring core instrument taken from Dyal
et al. [1973]. The inner core material is made up of multiple windings of a magnetically permeable
tape, and is wrapped by the drive coil. The sense coil covers this whole structure, which is in
turn covered by a feedback winding. In order to increase the linearity of the performance of the
instrument, this feedback winding is sometimes used to maintain the field measured by the sense
coil at nullity, and the actual output measurement is determined by the voltage applied to the
feedback winding to maintain this value coupled with the sensor output. The sense and feedback
coils can be combined into a single wrap though careful signal separation within the electronics.
The racetrack design elongates this core into an exaggerated oval, providing more material
aligned with the sense axis to respond to the background field component in the axial direction. This
operation works similarly to the rod core design, but dispenses with the dipolar field components
emanating from the ends of the rods. These extraneous field components, often referred to as fringe
magnetic fields, contribute non-aligned components of the field to the measurement and generally
disrupt the otherwise magnetically clean environment. For the following discussion of this work,
we will focus on the ring core design which includes the racetrack geometry.
2.2.1.1 Core Material
For the material used to make up the core, the most desirable trait is its high magnetic permeability.
There are additional constraints given the environment in which the instrument will be used, such
as expansion coefficients and the effect of temperature on the permeability. For the use of a fluxgate
both on the ground and in the space environment, the best material found to date is known as the
6-81 permalloy [Gordon et al., 1968]. The chemical mixture of this material is 6% Molybdenum,
81.3% Nickel, and 12.7% Iron.
A property of any ferromagnetic material is the closed hysteresis loop (see Figure 2-3). This
loop describes the magnetic field induced within the material as a function of an externally applied
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Figure 2-3: Depiction of standardized hysteresis curve from Gubbels [2017]
(courtesy of Industrial Heating). Points 1, 2, and 3 show transition to uni-
form magnetic field orientation B in material due to externally applied field
H. Inset shows stepwise jumps known as Barhausen Noise (BN) typical in
ferromagnetic materials.
field. The loop implies that this is not a single-valued function, but that the material retains a
memory of its magnetization. Once the external field is reduced to nullity after the material is
saturated in a particular direction, the material will remain somewhat magnetized in this same
direction (the degree of remnant magnetization is unique to each material). A nonzero external
field applied in the reverse direction is necessary to reduce the material magnetization to zero. The
reverse of this process then occurs as the material is brought into opposite saturation and back
again to zero through a cyclically applied external field.
The cause of this magnetization dependence can be traced to the magnetic domains within the
material. Any crystalline structure that is not composed of a single uniform crystal lattice will be
made up of multiple crystallites, also known as grains. These grains are uniform in their internal
crystal lattice structure, but are misaligned with each other, creating distinct boundaries at the
interface between grains. Grain orientations are spontaneous and randomly directed as the lattices
join together, and the volume attributed to grain boundaries (proportional to the surface area of
the grains) per unit volume of the material varies inversely with the size of the grains.
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The crystallite grain is further divided into several magnetic domains, each comprised of ho-
mogeneously aligned dipolar structures. These domains will preferentially be aligned parallel to
the “easy” magnetization direction of the grain, and form spontaneously when the material falls
below the Curie temperature. For the lowest expenditure of energy, they will be evenly divided into
domains aligned parallel and anti-parallel with the easy magnetization direction. The widths of the
domains are inversely proportional to the thickness of the grain boundary [Carey and Isaac, 1965],
leading to a decrease in the overall extent of the domain wall and the stored potential magnetization
energy therein. This in turn means the internal magnetization energy is reduced for thinner grain
boundary widths.
The main source of noise in a fluxgate magnetometer due to the permeable core material is due
to so-called Barkhausen noise. This can be seen in the inset of Figure 2-3, where rather than a
smooth transition along the hysteresis curve, the path will be made up of small stepwise jumps. Due
to the random orientation of crystal grains, these jumps are unpredictable and unlikely to repeat
upon subsequent cyclic remagnetizations of the material. As such, this will result in an uneven
measurement of the external dc field which forms the ultimate noise floor of the instrument.
The reason for these jumps is related to the release of magnetization energy during the re-
orientation of magnetic domains, and it is believed that this energy release is increased at grain
boundaries. This source is still not fully understood, but some researchers [Narod, 2014, e.g.] have
proposed a model of domain reversals based on reorientation of “channel domains” during satura-
tion by means of magnetic reconnection. These channel domains convert to and from the typical
“stripe domains” observed by Amos et al. [2008] using magnetostatic energy, which is concentrated
at grain boundaries due to the mismatched preferred magnetic field orientations. Grain boundaries
are reduced in thickness and in number by increasing the sizes of the grains themselves, which can
be achieved through a dedicated annealing processes aimed at promoting grain growth. We sought
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to increase the grain size of the permalloy material used in the racetrack magnetometer by extending
the annealing time at temperatures conducive to grain growth, as described in section 2.3.1.1.
2.2.1.2 Sense/Drive Coil Operation
The drive winding, wound uniformly along the length of the core material is stimulated with an
alternating current which cyclically drives the core into alternate magnetic saturation. In our case,
this winding is toroidal in shape, generating alternating fields that are cyclically aligned clockwise
followed by counter-clockwise. The current is most often applied with a square wave, but can also
be applied with a simple sinusoid.
The important aspect is that the core material reaches saturation such that the permeability
falls away to that in a vacuum. At this point, the magnetic resistance in the core rapidly increases
and the magnetic flux through the sense coil collapses. Once the applied voltage reverses, the core
recovers from saturation and the changing magnetic flux is once again detected by the sense coil.
Since the entirety of the ring core is surrounded by the sense winding, this changing magnetic flux
measurement is canceled out.
In the case of the existence of an external field, we can think of the permeable core as being
comprised of two half-cores symmetric about the helical axis of the sense winding. The component
of the field along this axis will permeate the core, and so will contribute to the induced toroidal
field of one half towards saturation, and detract from the other. Uneven saturation of the core
material will result in the effective decreased permeability of the counter-aligned half of the core.
Until reaching this point of partial saturation, the total field induced within the core along the
sense axis adds to zero. Once partial saturation is reached, however, the sense coil encompasses
an axial flux in the magnetic field that changes with the increasing drive current until both halves
are fully saturated. The changing magnetic flux during the period of partial saturation induces an
electromotive force (emf) in the sense coil.
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Figure 2-4: Analytical applied and sensed waveform
derivations for a fluxgate magnetometer from Gordon
and Brown [1972]© IEEE.
The emf induced in the sense winding by the changing flux will peak in an alternating positive
and negative direction on either side of the change in applied drive voltage (see Figure 2-4), resulting
in an output signal at twice the frequency of the drive signal. The magnitude of the field component
along this axis is given by the amplitude of this output signal, and the phase of the signal will provide
the sense of the field along this axis.
2.3 Racetrack
The fluxgate magnetometer has been an integral piece of hardware to most space-science missions
since the beginning of the space age. A DC measurement of the field is often necessary to determine
local plasma parameters as well as for relative positioning and orientation for any other on-board
measurements, while AC changes are necessary for wave and field gradient studies. As research
questions become more specific and refined, the measurement apparatus used to answer these
questions must also improve. Our efforts to develop a low-noise magnetometer for these purposes
are rooted in the optimization of a “racetrack” based design with a concentration on improving the
permeable material at the heart of these instruments.
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2.3.1 Material Development
While these instruments have been in use for many years, there has been little advancement into
their capabilities, and the 6-81 permalloy material with which many are made comes from a finite
and dwindling supply [Acuña, 2002]. We have acquired supplies matching the correct composition
ratios as the Infinetics 6-81 permalloy, and have experimented with the annealing process to improve
the permeability performance.
2.3.1.1 Crystal Structure
As described in section 2.2.1.1, the most basic source of noise in a fluxgate magnetometer irre-
spective of electronic advances is within the permeable material itself. In order to minimize the
magnetostatic energy contained within grain boundaries that leads to Barkhausen noise during do-
main flips, we have introduced a process to increase the growth of crystallite grains, thus reducing
the surface area of intergrain boundaries.
Samples of the permeable material already rolled to 100 µm thick ribbons and slit to the speci-
fications needed for the fluxgate sensor construction were set aside and coated with an electrically
insulating magnesium hydroxide solution. These were then subjected to a heat treatment proce-
dure adapted from that described by Gordon et al. [1968]. Starting from room temperature and
confined within a furnace to an atmosphere consisting of 95% Ar and 5% H, the first sample was
immediately brought up to the annealing temperature of 1050◦C. The sample was held at that
temperature for 20 hours with consistent positive air pressure from the furnace chamber leading
through an exhaust tube submerged in water. Care was taken to ensure oxygen did not enter the
chamber during the heating process. At this point the second sample was added to the furnace,
and both were held at 1050◦C for a further 4 hours.
After this sustained bake, the samples were allowed to cool at their natural rate to 600◦C. The
chamber reached this temperature after ∼2 hours, and the samples were then allowed to cool at
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Figure 2-5: Electron microscope images of the Permalloy material after two different heat treatment
processes. The left (right) image shows the visible grain structure of the alloy after an annealing process
during which it is held at 1200◦C for 4 (24) hours.
a controlled rate of 36.6◦C/hr until they reached 250◦C. This temperature range is the so-called
“critical ordering range” [Gordon et al., 1968] surrounding the material Curie point of ∼460◦C
[McLyman, 2004], and is where we expect to see crystallite grain growth and magnetic domain
formation. Enoch and Fudge [1966] demonstrate that the peak permeability for a molybdenum
alloy composed of 80.9% Ni, 13.1% Fe, and 6% Mo is achieved at a cooling rate between 30-40
◦C/hr, which we targeted with the 36.6◦C/hr rate. The samples were allowed to further cool to
room temperature at the natural exothermic rate.
We examined the samples from these two batches, one which was held for 24 hours and the other
for 4 hours at 1050◦C followed by simultaneous cooling processes, under an electron microscope to
determine any effects on grain size. The results can be see in Figure 2-5, where the 4-hour sample
can be seen on the left, and the 24-hour sample on the right. There is a clear in crease in grain
sizes from the 4-hour to the 24-hour sample. Additionally, the grain boundaries are much less
pronounced in the 24-hour sample.
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2.3.2 Geometry
As we mentioned in section 2.2.1, a racetrack design is based on the same concept as the ring core
magnetometer, but involves elongating the ring shape along one axis. The purpose of this design
is to increase the amount of permeable material aligned with the desired measurement direction,
and maintain a linear measurement axis contained by the sense winding to minimize cross-field
noise. An example diagram can be see in Figure 2-6 where the toroidal drive coil given by nprim is
wound around several wraps of permeable tape. The sense coil (shown as nsec) is shown covering
the whole device, such that the sense axis normal to the coil cross-section is aligned with the long
straight portions of the permeable tape.
2.3.2.1 Optimization
Previous studies have demonstrated the viability and noise profiles of various configurations of
a fluxgate sensor [Hinnrichs et al., 2001], but have limited these observations to the laboratory
environment. Our experiments thus far with altering the geometry of the instrument have proven
very successful. By extending the sensor into a racetrack configuration rather than the typical
circular shape (see lcore in Figure 2-6), we are able to extend the axis along which a measurement
is made and reduce the influence from fields operating in perpendicular directions.
By concentrating our measurements along a particular axis, we are able to increase the sensi-
tivity of our sensor at the expense of an increased size both of each sensor and of the instrument
as a whole. The circular ring cores have the advantage of being able to sample an external field in
two axes simultaneously, cutting down on the number of cores needed. One also has the ability to
rotate the core within the frame holding the sense winding in order to balance out any aberrative
measurements due to asymmetry of construction.
Nevertheless, we believe that the increased sensitivity gained from the axial optimization out-
weighs the effects which could be gained from sensor realignment. Hinnrichs et al. [2001] tested
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Figure 2-6: Diagram of a fluxgate magnetometer with racetrack geometry
from Hinnrichs et al. [2001]© IEEE. nprim is the number of turns in the
primary (or drive) winding along the elongated length lcore, nsec is the
number of turns in the secondary (or sense) winding, dcore is the height of
the sensor and translates to the width of the permeable material tape, bcore
is the overall width of the racetrack, dtape is the thickness of the tape, and
ncore is the number of wraps of the material
multiple configurations of major to minor axis (lcore and bcore respectively from Figure 2-6) length
ratios ranging from circular ring cores of 1:1 ratio at one end to 9:1 ratios at the extreme end.
They found a difference in noise between these two extremes of a factor of 2-3, with the optimal
dimensions being a length of 5.4 cm and a width of 0.6 cm. They were able to achieve a white noise
measurement of 2pT/
√
Hz at 1Hz, far below the industry standard.
2.3.2.2 Permalloy Configuration
The structure of the permeable material within the core is essential to the operations of the mag-
netometer. The changing magnetic field flux along the sensor axis will in turn induce eddy currents
in the cross-sectional plane of the material normal to this axis. These currents will act to oppose
the drive field and increase the level of input power required to achieve saturation of the core.
Additionally, the finite resistance of the permeable material will convert a portion of the energy
from these currents to heat, which can be difficult to dissipate in the space environment.
In order to minimize the effects of these eddy currents, the core material can be constructed
with insulated thin layers. This is most easily achieved by rolling the material into a thin tape
31
treated with an electrically insulating coating which is then wound around a bobbin structure.
However, the size of the crystal grains that make up this material in the plane of the tape is limited
by their size in the cross-sectional direction (ie, the tape thickness). This creates a trade-off in
sensor design between noise and input power minimization. We arrived at a tape thickness of




Flight Hardware for RENU2
We were able to test our racetrack magnetometer and prove its operation in the space environment
by including it in the instrument suite of the RENU2 rocket mission. The Rocket Experiment for
Neutral Upwelling (RENU) mission was a sounding rocket campaign launched in February of 2012
aimed at examining the possible drivers of neutral particle upwelling events. Ion upflow can be
driven both by joule heating in high altitude winds and the creation of an ambipolar electric field
by an upwelling electron population heated through magnetospheric electron precipitation. This
ion escape to higher altitudes in turn leads to the upflow of neutral particles which can create local
pockets of increased density near the magnetospheric cusp resulting in satellite drag as spacecraft
transit this region. RENU sought to examine the contributions of each of the aforementioned ion
heating methods to localized neutral particle upwelling events both through direct measurements of
precipitating particle populations and generated current structures. These currents can be identified
and quantified by deviations in the ambient magnetic field using a fluxgate magnetometer. The
mission unfortunately failed to fully deploy the instrument suite due to a rocket motor failure,
however, and ultimately little to no usable data was returned.
The mission itself was sound in design and instrument fabrication, however, and a proposal for
a reflight of the same hardware, dubbed RENU2, was awarded. One of the originally proposed
instruments on the RENU mission had been scrubbed, so there existed an unallocated instrument
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boom fitted only with a mass model. This was an excellent opportunity for a flight-test of the UNH
racetrack magnetometer design in true mission conditions.
3.1 Hardware Design
As mentioned in section 2.3, our methods of improving the signal-to-noise ratio in our fluxgate mag-
netometer design included both optimization of the sensor geometry and improving the crystallite
grain size through the annealing process. The sensors constructed using the material that under-
went the optimized heat treatment described in section 2.3.1.1 were reserved for the laboratory to
determine optimal signal-to-noise measurements, while the flight instrument was constructed using
the basic 4-hour heat soak. The 6-81 permalloy was provided by Barry Narod, and had previously
undergone a 7-day annealing process to promote homogenization and grain growth before being
cold-rolled to a 100 µm thickness without periodic reheating. The increase in grain sizes observed
during our heat treatement tests described in section 2.3.1.1 imply that this process could be fur-
ther improved to reduce the crystallite strain during this forming process. The rolled material was
then slit to a width of 0.17 cm and of sufficient length to cover the bobbin in multiple wraps.
The 100 µm thickness was chosen in order to balance the signal-to-noise benefit and input
power requirements due to eddy current effects described in section 2.3.2.2. The thicker tape does
appear to decrease sensor noise, probably due to the increased possible grain size. These crystallites
are composed of three-dimensional crystal structures, and so the cross-sectional area of the grains
observed in Figure 2-5 will be limited by the material depth measurement. At the same time,
a thicker material cross-section will develop higher magnitude eddy currents due to the induced
magnetic field. These currents will oppose the field generated by the drive winding, and will increase
the power necessary to saturate the core.
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3.1.1 Fabrication Process
The first step in the magnetometer fabrication process is the milling of a bobbin to hold the 6-81
permalloy tape. The material chosen for this part must be nonmagnetic, since otherwise we would
be subjected to any additional noise from those material properties as well as eddy currents, but
also must have similar coefficient of heat expansion as the permalloy. Not only will the instrument
undergo (small) temperature changes during flight, the heat treatment process of the wound bobbin
will encompass a large temperature range. Any strain induced on the permalloy due to inconsistent
expansion parameters will inevitably influence the crystal structure of the permalloy, and could
fragment the crystallites or even sever the permalloy tape completely.
Figure 3-1: Coefficients of expansion for Inconel and a Nickel-
Molybdenum-Iron alloy similar in composition to the 6-81
permalloy.
The best material that suited
these purposes was a nickel chromium
alloy marketed as Inconel X750 (coef-
ficients of expansion for Inconel and
a permeable alloy similar in composi-
tion to 6-81 Permalloy can be seen in
Figure 3-1). Inconel is a notoriously
difficult material to machine, but this
strength was also necessary to ensure
rigidity of the bobbin structure. The
9:1 geometric ratio discussed as op-
timal in section 2.3.2.1 was achieved
with a length along the straight por-
tion of the permalloy of 6.1 cm and
an inner separation width of the tape of 0.69 cm (compare to lcore and bcore respectively from Fig-
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ure 2-6). The narrowness of the inner walls of the bobbin at these extreme dimensions necessitated
the strength of Inconel to avoid any deformation and damp lower frequency vibrations of the sensor.
The Permalloy tape rolled to a thickness of 100 µm and slit to the bobbin dimensions was
submerged in a magnesium hydroxide (Mg(OH)2) and water bath and hung to air dry for a period
of 24 hours. This chemical separates into H2O and MgO at ∼300-400◦C during the initial ramp
up to the annealing temperature, leaving a coating of magnesium oxide between the Permalloy
layers. This MgO serves as an excellent thermal conductor and simultaneously acts as an electrical
insulator. This, like the choice of tape thickness, is used to reduce the generation of eddy currents
by the induced magnetic field. MgO has a melting point above 2800◦C, so there is little danger of
losing the coating during the annealing process.
A specialized jig was constructed to hold the bobbin while the Permalloy tape was applied. One
end of the tape was spot-welded to one of the curved ends of the bobbin (in order to avoid any
field fringing or asymmetric induction effects along the measurement axis) and 3 full wraps were
applied with even tension. The other end was spot welded to hold the material in place, with care
taken not to weld through to underlying layers.
Figure 3-2: CAD model of Inconel bobbin wrapped with
Permalloy tape.
The bobbin then underwent the
heat treatment depicted in Figure 3-3.
This is described in further detail in
section 2.3.1.1, but the relevant peri-
ods of activity are the 1050◦C anneal-
ing period to assist with crystal struc-
ture alignment and the controlled
cooling rate from 600◦C to 250◦C dur-
ing which crystallite growth and mag-
netic domain structures are defined.
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Figure 3-3: Heat treatment profile for the three Permalloy tape-wound sensor
cores which made up the racetrack magnetometer on the RENU2 mission.
As described in section 2.3.1.1, this
cooling rate of ∼ 35◦C/hr corresponds to the rate associated with the highest initial permeability
for the Permalloy material as measured by Enoch and Fudge [1966]. The entire process occurs in
an Argon/Hydrogen gas mixture to avoid oxidation of the sample
The sensor core is then tested with an ohmeter to ensure that the MgO coating provides sufficient
resistance between the outer Permalloy wrap and the Inconel bobbin. The drive coil wire is then
wrapped toroidally around the core structure evenly and maintaining constant tension with the
same number of turns on each side to maintain induction field symmetry. For our purposes, we
used copper magnet wire at a gauge of 32AWG for both the drive and sense coils. Any asymmetry
in this field induction would result in uneven saturation in a null field similar to that induced in
the presence of an external field. The result is a nonzero offset of the sensor.
A separate housing was constructed from Ultem, a nonconductive and nonmagnetic material
with low outgassing properties which could rigidly hold the sensor core and provide a frame for the
sense winding. Once again this housing must be constructed with sufficient strength and rigidity
to survive launch and deployment, but the separation between the Permalloy and sense coil should
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Figure 3-5: Racetrack magnetometer sensor core covered by drive winding (lower)
and Ultem housing wound with sense coil (upper)
be minimized, as any internal gaps will lead to fringing induction fields. The wound bobbin was
inserted and fastened to the housing. While we could not adjust the rotation angle of the core
relative to the sense axis in order to find the orientation providing the best symmetry as with
circular ring cores, it is equally important to ensure the alignment of the drive and sense axis. Each
side of the drive axis will alternately saturate sooner than the other based on the strength of the
external field along that direction, but the sense coil will respond to this total saturation rather
than only the saturation due to the field along the sense axis. The field inferred from the response
of the sense coil will be given by Bsense = B0 + B1 cos(θ1) + B2 cos(θ2), where θ1 and θ2 are the
angles between the sense axis and the drive axis towards the perpendicular B1 and B2 components
respectively. The orthogonality between each sensor can be partially addressed after launch using
in-flight calibration techniques, but these will necessarily amplify any noise inherent in the system
and will never substitute for a perfectly aligned instrument.
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Figure 3-6: Spectrum of shielded racetrack magnetometer sensor showing ∼6 pT/√Hz noise
floor at 1Hz.
Operational testing of a sample sensor was performed in a shielded laboratory environment in
order to determine the operating noise of the sensor when not in the presence of interfering elec-
tronics. The resulting spectrum can be seen in Figure 3-6, where the contribution around 1Hz was
found to be ∼6 pT/√Hz.
The above was repeated for the other two sensors making up the full three-dimensional vector
measurement, and the three sensors were then attached to the aluminum mount which serves as a
frame to hold the sensors in place and interface with the boom on the rocket payload (see Figure 3-
7). The boom we used was ∼1 meter long, which was sufficient to distance ourselves from a
majority of the magnetic noise from other payload instruments and electronics. The wire leads for
both the drive and sense windings were potted at their contact with the sensor in order to reduce
any vibrationally-induced stress. They connected to twister wire pairs passed through the boom
to the electronics box mounted in the main payload of the rocket. Protective covers constructed of
Ultem were attached to prevent any physical damage to the instrument.
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Figure 3-7: Exploded diagram of RENU2 racetrack magnetometer assembly.
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Figure 3-8: Racetrack magnetometer mounted to RENU2 boom during integra-
tion at Wallops Flight Facility.
3.1.2 Testing/Integration
Figure 3-4: CAD model of a racetrack magnetometer sensor
complete with drive and sense windings.
The racetrack magnetometer was de-
livered to the NASA Wallops Flight
Facility (WFF) where it was inte-
grated into the RENU2 rocket pay-
load system through mechanical and
electronic installation. The instru-
ment can be seen attached to the de-
ployed boom in Figure 3-8. The in-
strument successfully passed all hand-
shake and power draw tests, and the
boom deployed upon actuation.
During magnetic calibration at the magnetically clean facility at WFF it was found that the
potentiometer settings within the racetrack electronics were improperly set to record the expected
full field measurements. As can be seen in Figure 3-9, while the y-component of the racetrack
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Figure 3-9: Data recorded in the ADC component of the RENU2 racetrack mag-
netometer in the deployed position (left) during on-ground magnetic calibration
compared with the calibration facility measurements (right). Measurements are
not provided in calibrated physical units.
magnetometer records variations of the induced cosine wave about a constant, both the x- and z-
components experience clipping of the waveform1. This indicates that the electronics were saturated
for a portion of these measurements and so were not properly recording the signals transmitted
from the sensors. Following the results from this test, the instrument was returned to UNH where
the potentiometers were reset. This was then tested for full-field operation within our mu-metal
isolation chamber with a stimulation coil. The instrument was then returned to WFF where it was
reinstalled and prepared for shipping to the launch site.
3.2 Flight Data
After several days on the launchpad waiting for optimal terrestrial and space weather, RENU2
launched at 07:34:00.7 UTC on 2015-12-13. The spacecraft successfully deployed all instruments
and passed through an active auroral region, achieving a maximum altitude of 447 km and a total
1The facility fluxgate measurements are included here as reference for when a signal was applied; the racetrack
magnetometer was not aligned to the same frame and the recorded values are not given in physical units.
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flight time of ∼11 minutes. We received data from the racetrack magnetometer through launch
and flight until the final moments before contact with the spacecraft was lost.
3.2.1 Flight Calibration
Due to the electronic offset adjustment performed after the magnetic calibration procedure, we
did not have a truly calibrated instrument. Sensors were individually tested within our magnetic
isolation chamber with a known induced external field in order to determine the coefficients to
translate output counts to physical values and verify linearity. Unfortunately, this does not provide
a full measure of orthogonality of the instrument, nor does it account for any offsets induced by
the combined sensors and payload electronics.
Luckily, there are methods to calibrate such a system from flight data using a known reference
field. In the case of RENU2, an altitude of 447 km falls within the range of the International
Geomagnetic Reference Field (IGRF) model. The 12th-generation of this model, IGRF-12 [Thébault
et al., 2015], is composed of a 13th-order (N) polynomial made up of Legendre functions Pmn (cosθ)
and is given by:








[ gmn (t) cos(mφ) + h
m
n (t) sin(mφ) ]P
m
n (cosθ) (3.1)
The magnetic field B = −∇V at a location using the typical spherical coefficients r, θ, φ relative
to the Earth’s radius r⊕ = 6371.2 km. The Gauss coefficients gmn (t) and hmn (t) vary linearly in time
at a definition cadence of 5 years and are derived from measurements made by dozens of magnetic
observatories, both ground- and space-based. This field is static relative to the changes induced in
the outer magnetosphere by solar wind transients, and the N=13 limit ignores any contributions
from crustal field effects. As such, these model values can be considered to be the true value of the
background field at a particular point in space and time above which any small-scale disturbances
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due to waves and currents will be superposed. We can use this known field value along our trajectory
to assess and correct for the offsets, gains, and orthogonality of our instrument sensors.
Each sensor will have an independent measurement for the offset of its isolated operation from
true zero as well as a gain conversion between the counts registered by the electronics and the actual
strength of an external field. These values are determined by inconsistencies in the sensor fabrication
and crystallite geometry within the Permalloy material. These can be reduced/optimized to some
extent through careful quality control of the construction process, but without the ability to control
for the material crystallite growth and part fabrication on a molecular scale there will inevitable
arise discrepancies between supposedly identical parts. For a true magnetic field component Bi in
the ith direction, the relevant sensor will register a value
B˜i = aBi + i0 (3.2)
for a gain value of a and an offset i0. These values can be determined independently in a controlled
magnetic environment (isolation of Earth’s field coupled with known stimulation field).
However, any misalignment of sense axes relative to each other (i.e., not perfectly orthogonal)
will result in a nonlinear combination of these measurements. In Figure 3-10 we see an example
coordinate system where the sense axes x⃗sens, y⃗sens, and z⃗sens are not perfectly orthogonal. In
this case, we have rotated a reference coordinate system such that x⃗ and x⃗sens were aligned. This
leaves an angle ρ between y⃗ and y⃗sens, and the angles λ and φ between the projections of z⃗sens
into the x⃗− z⃗ and y⃗− z⃗ planes respectively. With this additional overlap between sensors the field
components can no longer be summarized by the linear equation given in (3.2). Instead, the sensed
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magnetic field directions will be given by:
B˜x = aBx + x0
B˜y = b (By cosρ+Bx sinρ) + y0
B˜z = c (Bx sinλ+By sinφ cosλ+Bz cosφ cosλ) + z0
(3.3)
Figure 3-10: Coordinate system diagram of
a non-orthogonal set of axes from Spring-
mann and Cutler [2012].
The rotation and possible misalignment of the
instrument relative to the spacecraft spin axis make
an axis-by-axis comparison between the modeled and
measured field extremely difficult. However, we can
compare the total inferred field |B|2 = B2x+B2y+B2z
from the measured components B˜i to the total field
as predicted by IGRF-12 BIGRF at each point in
time. Through a numerical solver, we can minimize
the difference between these two total field values
as we vary the gains (a, b, c), offsets (x0, y0, z0), and
orthogonality angles (ρ, λ, φ). For our analysis, we
chose Bx as the spin axis component leaving By and
Bz as the spin plane components, but the instrument calibration procedure should be indepen-
dent of the spin orientation (assuming the payload rotates sufficiently to sense the entirety of the
background field).
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Solving for the inferred field values Bx, By, and Bz from (3.3) above we find that the squared
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B˜x − x0
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])2 (3.4)
We then minimize |B| − BIGRF over some portion of the flight time to solve for the gain, offset,
and orthogonality values.
To apply this method to data from the RENU2 flight we must first make sure the measurements
from the sensors are consistent over the period of time we wish to use for minimization. This
technique is designed to provide time-constant calibration values, as any instantaneous changes in
the sensor may well be due to external stimulation. Figure 3-11 shows the raw data output from the
racetrack magnetometer aboard the RENU2 flight. The plot begins part way through the ascent
of the spacecraft indicated by the large variations observed in the top and bottom panels. These
two panels represent the spinning components when the instrument is stowed. The deployment of
the instrument boom can be seen in the sudden change in measurements at ∼07:37:25.
Of immediate note in Figure 3-11 are the large number of individual data points at near-zero
values (this is the case in all three axes, but the range setting for the middle panel excludes them)
appearing as occasional vertical lines. These were found to be the result of a periodic injection of
null values into the telemetry stream at 56-byte intervals (example from telemetry stream visible
in Figure 3-12). These corrupted values were identified and reconstructed where possible using
average measurements from surrounding data points. The exact source of these injections is not
known, but may be due to the asynchronous settings between the instrument and payload clocks.
Additionally, the second half of the telemetry words (relating to least significant bit values) were
found to be corrupted resulting in an artificially coarse data product.
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Figure 3-11: Raw measurements from the racetrack magnetometer aboard the RENU2 flight. The top two
panels are from the spin plane components, and the bottom panel is the spin axis component. Data stream
begins partway through ascent and ends at point of final telemetry broadcast. Vertical lines indicate data
points corrupted by periodically injected null values.
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Figure 3-12: Example of racetrack magnetometer telemetry stream from RENU2 flight showing periodic [00
00 00 00] bit injections.
Our focus for data analysis will be restricted to the period after boom deployment, as anything
collected before that event would be subject to large noise contributions from the other instruments,
electronics, and wiring in the payload. The top two panels show data from the components of the
field in the rocket spin plane when the instrument boom is deployed. As such, the measurements
should vary about constant offset2 in a sinusoidal pattern at the payload spin period. We can
see, however, that there appears to be a nonlinear drift in the average value of the 1st spin plane
component in the top panel and a quasilinear increase in the offset of the 2nd spin plane component
shown in the second panel.
Drifts in the sensor null measurement of spacecraft magnetometers are often tied to changes
in temperature which can affect the internal behavior of materials. Due to the short duration of
the rocket flight, it is expected there would be insufficient change in the temperature of the sensor
material to affect magnetic domain response, but it is possible that the more sensitive electronics
board responded to these minor changes. Without the possibility of recovering the payload, it is
difficult to speculate on the true origins of the offsets. We account for these spin plane offset drifts
by detrending the data over a running period of 5 spins. This spin rate is highly stable after boom
deployment at 0.53 rotations per second, so we were able to subtract the average measurement at
integer spin values to avoid stair-step artifacts.
The drift in the spin axis component, however, is not as simple to diagnose. There is no
self-contained reference with which to compare it, so we must look at its behavior relative to the
2This offset would translate to a value of zero field as detected by the sensor, but the conversion of these analog
measurements to the 10-bit digital integers transmitted through the rocket telemetry system will result in a non-zero
value
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modeled field. Again, due to the spin of the spacecraft and the change in its orientation throughout
the flight, it is much simpler to compare the total field values between the measured and modeled
values. Since we have already corrected for the spin plane component drifts, any residual drift is
due entirely to the spin axis component. We applied a Levenberg-Marquardt least squares fitting
algorithm to determine the polynomial representation of the residue to 6th order. In the top panel
of Figure 3-13 we show the difference between these values (colored) and the polynomial fit used to
subtract the offset drift (black). The colors represent the weights attributed to each point in the
fitting process, and are indicative of the variance around that point. The terms of the polynomial,
as well as the root-mean-square deviation and number of evaluations needed to achieve the fit are
listed above the plot. Applying these terms, the polynomial f(x) is structured as:
f(x) = 14965− 22.23 (x+ 691) + 2.04× 10−2 (x− 890)2 + 2.2× 10−5 (x− 287)3+
1.7× 10−7 (x− 391)4 + 9.3× 10−12 (x+ 616)5 − 3.6× 10−14 (x+ 238)6
(3.5)
The second panel shows the residue |B|0 − BIGRF both before (black) and after (red) the fitting
function f(x) is subtracted from the spin axis sensor.
Once the drifting offsets were removed, the calibration parameters defined in (3.4) were deter-
mined. Similar to the method described above, we sought to minimize the difference |B| −BIGRF .
However, rather than subtracting a time-varying function from the dataset, we varied the calibra-
tion parameters until an optimum minimum solution was achieved by again using a Levenberg-
Marquardt least squares algorithm. Figure 3-14 shows the pre-calibration data used for the mini-
mization algorithm. In the top panel we can see the inconsistency in gain values between the two
spin plane sensors. We would expect a turn of 90◦ by the rocket to bring the same field from one
sensor to the other, so the consistently lower value of Bz demonstrates the need for calibration.
The second panel does imply that the total values are similar, but this is mainly due to our previ-
ous efforts to remove a drifting offset. The oscillations visible in |B| indicate the squared sum of
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Figure 3-13: Offset drift correction of the spin axis component of the racetrack magnetometer during the
RENU2 flight. The top panel shows the 2:1 downsampled difference between measured and IGRF-modeled
total field values (colored) and the 6th order polynomial fit to these data (black). The parameters of this
fitting function are listed above this panel. The bottom panel shows the difference to be fitted in the top
panel (black) and the final difference after the functional fit is subtracted (red).
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Figure 3-14: Detrended racetrack magnetometer data before calibration coefficients
have been determined. The top panel shows the three components from the instrument
where Bx is the spin axis component and By, Bz are the spin plane components. The
bottom panel compares the squared sum of measured values to the total modeled field
using IGRF-12.
the spin plane components are not orthogonally aligned (in which case the 90◦ phase shift would
remove the spinning signal, i.e. cos2θ + sin2θ = 0 ).
Figure 3-15 shows the difference between the detrended total magnetic field |B| and BIGRF .
This is the function minimized numerically through a variation of the gain, offset, and orthogonality
angle variables. Our routine used the Broyden￿Fletcher￿Goldfarb￿Shanno algorithm [Shanno, 1970],
which is optimized for nonlinear functions such as the coupled equations in (3.3). We aligned the
idealized coordinate system from Figure 3-10 such that B˜x is equal to the spacecraft spin axis.
The result of this minimization can be seen in Figure 3-16. In the top panel we can see the total
field measurement from the racetrack magnetometer both before (blue) and after (red) the process
as well as the IGRF-modeled field (black) over 100 seconds of the total flight time. We see a
significant decrease in the ∼ 0.5Hz spin tone, and are left with a signal that varies slowly around
the modeled field. This is probably best exemplified by comparing the second panel of Figure 3-16
with Figure 3-15. The values for the calibration parameters derived from this minimization can
be found in table 3.1. We can see there is very little change to the offset values, due mostly to
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Figure 3-15: Difference between racetrack magnetometer measured total
field |B| and IGRF-modeled total field after removing offset drifts from
measured field.
our previous efforts to address them. There are significant differences between the gain values,
indicating we could improve the electronic feedback system to make the fabrication process more
consistent.
Figure 3-16: Comparison to total field measurements from racetrack magnetometer
before and after calibration to modeled field.
While this calibration procedure acts to orthogonalize the instrument such that a total field
measurement is as accurate as possible, the total orientation of this instrument relative to the
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Gain Offset Angle
a = 0.998 x0 = 0.0012 ρ = 3.16◦
b = 1.222 y0 = -0.0375 φ = 4.85◦
c = 0.753 z0 = -0.0320 λ = 1.31◦
Table 3.1: Calibration parameters satisfying eqs (3.3)
determined from comparisons between measured field
and IGRF-12 model.
Figure 3-17: Spectral power centered around spacecraft spin frequency for spin axis





and total of these two (green).
rocket orientation is still undefined. By taking the squared sum of the field components an ideal
measurement system will render no visible spin tone. However, unequal contributions of B˜y and B˜z




z . Similarly, a nonzero
angle between B˜x and the spacecraft spin axis will result in a periodic signal in that component.
To determine this misalignment of the instrument, we examined the spectral power around the





z . In Figure 3-17 we can see the spectral power around the spin frequency
calculated by taking the fast fourier transform of these two components. The spin axis component
is ∼2 orders of magnitude smaller in than the contribution from the spin plane components.










by varying an Euler rotation on the calibrated axes. This rotation maintains the orthogonality
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Figure 3-18: Total spectral power of spin plane components added in quadrature and
spin axis components during optimization routine. The original trace is shown in red,
the final solution is shown in blue, and the iterative steps during optimization are
shown in grey.
set above and rotates the system as a whole. We then recalculated the spectral power for the
rotated system, and continued until we arrived at a convergent solution according to the Broy-
den￿Fletcher￿Goldfarb￿Shanno algorithm. The profiles of this spectral power as we approach a
solution can be seen in Figure 3-18. The original measurement identical to the plot in Figure 3-17
is shown in red, while the final optimized outcome is shown in blue. The grey traces show the
iterative solutions as the algorithm converges. We can see that the final product improves on the
spin tone magnitude by 2 orders of magnitude. The angles that make up this rotation are listed in
table 3.2.
This final step in the calibration process produces instrument results that are fully calibrated
for orthogonality and have been rotated into the spacecraft spinning coordinate system. We can






Table 3.2: Angles making up ro-
tation from the instrument to
spacecraft coordinate system.
between the spinning frame and an inertial frame of reference by applying a time-dependent Euler
rotation. The results of this final transformation can be seen in Figure 3-19, where the racetrack
magnetometer data is shown in black while the red traces represent the IGRF-12 modeled field
components. The data is shown in the East-North-up coordinate system often used by ground and
low-altitude observatory sites where the Earth can be approximated as a planar surface. While
we do see general agreement of the signals, there is a residual ∼60 second variation in the data.
This is believed to be a precession of the spin axis due to spacecraft nutation, and is a result of
small inaccuracies in the spacecraft attitude solutions. While these solutions are well within the
error limits provided for the mission, the large field magnitude coupled with the strong agreement
between the orientation of the spacecraft and the magnetic field direction lead to visible nutation
signals in even small deviations of the solution from the true angular momentum vector.
The comparison between the measured field and the modeled IGRF components is somewhat of
a circular argument since we used the IGRF field to calibrate the instrument, but our calibrations
were based on the total field value. The similarities between each component provides confidence in
our method and the performance of the instrument. We have demonstrated the successful operation
of our racetrack magnetometer in the space environment and have shown through laboratory tests
that improvements in the permalloy fabrication are able to lower the instrument noise floor to the
range of several pT/
√
Hz. The shortcomings in the returned data due to the electronics malfunction
are obvious areas of improvement for future iterations.
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Figure 3-19: Racetrack magnetometer data (black) from RENU2 flight compared with IGRF-12 modeled




Electromagnetic waves are a mechanism for a magnetized plasma to isotropize and “smooth out”
otherwise irregular particle populations. These irregularities can arise in plasma properties such
as density, temperature, or relative particle motion. As with traditional physical systems in non-
plasma environments, space plasmas seek to redistribute these irregularities to create a more homo-
geneous stable equilibrium. Unlike more familiar environments, however, the collisionless nature
of space plasmas ensures that this redistribution cannot come about through particle collisions.
Electromagnetic waves act to transfer energy between different particle populations which oth-
erwise would not be able to directly interact. The waves are often generated through an instability
that arises due to an unbalanced concentration of one of the aforementioned plasma properties.
Particles lose their energy (often transferring momentum in a particular direction) to the generation
of these waves. The waves in turn either propagate to a region inhabited by a different particle
population, or simply interact locally with particles at different energy levels and configurations as
the generating population.
Electromagnetic Ion Cyclotron (EMIC) waves are one type of electromagnetic wave observed
in the Earth’s magnetosphere. They typically interact with positive ions, draining energy from
particles at energy levels in the 10s of keV range, and depositing energy into the colder background
population (in the several eV range). In the past decade, EMIC waves have additionally been shown
to interact with ultra-relativistic electrons in the several MeV range [Zhang et al., 2016]. While
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this process is expected to be able to scatter resonant electron populations on the order of minutes
[Thorne and Kennel, 1971], Usanova et al. [2014] have found that EMIC waves are most efficient
at scattering electrons at pitch angles α < 45◦, α > 135◦. The combination of this scattering
with the slow isotropization of electrons due to interactions with turbulent wave modes such as
plasmaspheric hiss could account for the gradual losses of the highest energy particles in Earth’s
outer radiation belt.
This chapter will discuss the drivers and generation of EMIC waves from a theoretical perspec-
tive.
4.1 Cold Plasma Theory
If we assume all quantities vary as ei(k⃗·r⃗−ωt) in order to isolate variations at individual frequencies
ω, we can analyze the first order perturbations of E, B, and v, so that the Lorentz force equation
becomes
−iωmsv⃗s = qs(E + v⃗s ×B).
Taking the standard coordinate system orientation B⃗ = B0zˆ, the first-order perpendicular




(vx ± ivy) and E± = 1
2
(Ex ± iEy) (4.1)
where the ± we will see in section B.1 gives a sense of rotation of these quantities about B⃗ and is
referred to as the polarization.
In order to extend the influence of this force from a single particle to an ionized plasma, (4.1)
can be rewritten in terms of plasma parameters as susceptibilities
χ±s = −
ω2ps















Stix [Thomas Howard Stix, 1992] has divided (4.2) according to the aforementioned polarization






























So, using these parameters, the dielectric tensor ϵ acting on the wave electric field δ⃗E can be
written as












Here the compressional wave mode is given by P, while the right-handed and lefthanded transverse
wave modes are given by R and L respectively.
Plasma waves in nature will not necessarily obey pure theoretical assumptions, however, so we
can solve this relationship for a partially oblique wave normal. Given a wave normal vector k⃗ in
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the x− z plane at some angle θ with respect to B⃗ the dielectric tensor becomes
n⃗× (n⃗× δE⃗) + ϵ · δE⃗ =

S − n2 cos2 θ −iD n2 cos θ sin θ
iD S − n2 0







where the length of n⃗ = k⃗c/ω is the same magnitude as the refractive index.
Setting the determinant of the dielectric tensor above to zero gives the dispersion relation
[S sin2 θ + P cos2 θ]n4 − [RL sin2 θ + PS(1 + cos2 θ)]n2 + [PRL] = 0
whose roots determine natural oscillation modes in the plasma. This relation can be expressed as
tan2 θ =
−P (n2 −R)(n2 − L)
(Sn2 −RL)(n2 − P ) (4.4)
where we can easily see the ideal transverse (P = 0, n2 = R, n2 = L) and compressional (n2 =
RL/S, n2 = P ) modes.
This describes a large range of natural wave modes given a cold plasma approximation, but for
this study we will primarily focus on those waves below the ion cyclotron frequency, which in the
inner magnetosphere falls in the Pc1-2 range of the ULF spectrum. For frequencies ω < Ωc,i, we




and L ≃ ζΩc,i
Ωc,i − ω
which gives us the disperion relation for ion cyclotron waves reduced from (4.4) to




(1 + cos2 θ)
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using the squared ratio ζ = c2/V 2A of the speed of light to the Alfvén speed VA
4.1.1 Cyclotron Instability
We can see from (4.1) that the denominator goes to zero for ω = Ωc,i, implying there is a resonance
at this wave frequency. This resonance is at the cyclotron frequency, and corresponds to a particle
gyrating about a field line in concert with a polarized wave perturbation (see section 4.1.2.1). Ions
moving at (or close to) the resonant parallel velocity in the opposite direction as the propagation
of the wave perturbation will observe a left-hand polarized wave as a standing electric field, and
depending on the phase of the particle gyration will either lose energy to or gain energy from the
wave electric field.
The instability that leads to this interaction is known as the cyclotron instability. It is driven
by the excess of particle energy in the perpendicular direction of motion (as shown by Cornwall
[1965])), which translates to a more trapped pitch angle distribution. Due to the plotting standards
of pitch angle distribution for a given particle population at some time in which the y-axis represents
parallel energy and the x-axis represents perpendicular energy, these distributions are commonly
referred to as “pancake” distributions.
These waves generated by the gyration of positively-charged ions are known as electromagnetic
ion cyclotron (EMIC) waves. The initial disturbance in the field leading to particle resonance can
be a random thermal fluctuation or part of a turbulent cascade [Gamayunov et al., 2015], but the
free energy in the particle population will determine its growth into wave perturbation detectable
above local noise. The single-particle interactions with wave perturbations described in section 4.1
can be generalized in terms of plasma parameters such as density, velocity, and the direction of
particle energy relative to the background magnetic field to define resonant parameters.
Resonant particles will observe the oppositely-propagating seed wave perturbation at a fre-
quency ω Doppler-shifted up to the relevant cyclotron frequency Ωc,i (see section 4.1.2.1). Histori-
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cally this resonance is derived under the assumption that the plasma consists only of hydrogen and
electrons, but heavier ions will also resonate with left-hand polarized waves should they embody
the correct resonant parameters. The wave growth parameter can be written in terms of these
















A(VR) here reduces to the anisotropy A = T⊥T‖ − 1 for a plasma composed of bimaxwellian distribu-
tions1 at or near the resonant particle velocity VR, and η similarly describes the resonant particle
number density. The resonant particle velocity as we will see below is defined in terms of the wave
propagation, which can be described by two different velocities. One is the phase velocity V⃗ph = ωk⃗
which identifies the motion of individual crests/troughs through space. This quantity is obviously
frequency-dependent, and can give rise to frequency dispersion in some wave modes. The other type
of motion is the group velocity V⃗g = ∂ω
∂k⃗
, which defines the motion of the wave packet as a whole
(envelope of wave amplitude possibly containing contributions from several different frequencies)
through space.
4.1.2 Resonances
While waves and particles may always be able to exchange energy, there are certain configurations
of the relationships between wave and particle properties that allow what is called a ‘resonance’.
When this resonance condition is reached, energy is transferred in a particularly efficient manner.
This transfer can be in either direction (to the particles from the waves or from the particles to the
waves), depending on how the properties align.
1The term bimaxwellian refers to a population made up of two separate maxwellian distributions. Due to the
collisionless nature of the plasma case, these separate maxwellian distribution functions can separately refer to the
distribution of perpendicular and parallel energy for a given particle population. In this description, particles are
often referred to as having separate parallel and perpendicular temperatures.
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The simplest way to interpret the conditions for a wave/particle resonance is that the particles
in question will move in such a way that they see the traveling wave as a constant electric field
(recall that the plasma environment is made up of a quasineutral sea of charged particles, so any
static electric field will quickly accelerate resonant particles via the Lorentz force). This situation
can occur in a variety of situations, but for EMIC waves is typically a combination of the particle
parallel velocity, the wave phase speed, and the wave frequency.
Plasma waves generated at some region of local minimum magnetic field will likely propagate
into a region where the background field magnitude increases. Transverse EMIC waves generated
at the magnetic equator will travel along the field line to regions of higher field, and in so doing will
encounter zones of different dispersion characteristics defined by local frequency regimes. Since the
frequency of the incident wave is constant, the behavior of the wave in these regions will necessarily
change. In some regions, only right-hand polarized wave energy can exist, so any left-handed
activity must be reflected. At others, the wave energy will no longer be guided along the field
direction, allowing wave energy to diverge. In Figure 4-1 we can see the calculated locations of
where these wave resonances are equal to 3.2Hz from Kim and Johnson [2016]. For this calculation
the authors assumed a dipole field geometry (see (1.3)), an ion composition of 5% He+ and 95%
H+, and the power-law distribution of plasma density given by Denton et al. [2006]. We can see
that a wave at 3.2Hz (below the 4Hz equatorial H+ gyrofrequency) launched at the equator will
first encounter the crossover frequency, followed by the cutoff and Buchsbaum frequencies before
finally encountering the He+ gyrofrequency.
4.1.2.1 Cyclotron Resonance
Cyclotron resonance is the process by which the gyromotion (see section 1.3) of the particle in
question is synchronized with the frequency and polarization of the wave. A particle gyrating
around a magnetic field line may do so in the same helical direction and at the same rate as the
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Figure 4-1: Boundaries where the local
crossover (purple), cutoff (green), Buchs-
baum (red), and He+ cyclotron (blue) fre-
quencies are equal to the 3.2Hz wave fre-
quency for a wave launched at the magnetic
equator (red and blue bands). From Kim
and Johnson [2016].
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electromagnetic wave perturbation. For this to be true, the wave would have to be circularly
polarized (see section B.1), with a direction of ellipticity that matches the handedness of the article
gyration. In this case, the particle will see the wave electric field as a constant radial electric
field relative to the wave normal direction. Whether the particle gains or loses energy, or even is
unaffected, depends on the phase difference of this gyration between the electric field perturbation
and the particle, as well as the sign of the particle’s charge.
The particle’s gyrofrequency is defined by Ω = qBm , so will only vary with the strength of the
background magnetic field, not its energy or pitch angle. So, in order to gyrate at the frequency
of the wave, the wave frequency has to be increased to the particle gyrofrequency. This change
in observed wave frequency can be accomplished through Doppler shift by the relative motion
between the wave and guiding center of the particle. Since we are concerned with the resonance
between the wave perturbation and the particle gyromotion, which will necessarily be in the plane
perpendicular to the background magnetic field, this relative motion will be directed along the
background magnetic field direction.
As discussed in section 4.1.1 the wave frequency ω of EMIC waves will necessarily be below
the H+ gyrofrequency. Therefore, for the wave excitation frequency to be observed at the ion
gyrofrequency, it must be Doppler-shifted to a higher value. This will occur when the resonant
particle travels towards the wave such that its parallel velocity VR|| combines with the oppositely-
directed parallel wave phase velocity Vph|| to satisfy the relation
ω − k⃗ · V⃗ = mΩH+ (4.6)
where the wave vector k⃗ is given by k⃗ = ω
V⃗ph
and m = 0,±1,±2, ... indicates the harmonic mode
of cyclotron resonance. Similarly to the blue-shifting of light emitted/reflected from a source
approaching an observer, EMIC waves will appear to the observer at a higher frequency than in
their rest frame. If this frequency shift satisfies the difference between ω and mΩH+ described
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in (4.6), the particle will resonate with the wave. Depending on the phase of the particle gyration
with respect to the wave perturbation, the particle will see a standing electric field which will either
act to accelerate or decelerate it.
4.1.2.2 Landau Resonance
A specific case of the resonance in (4.6) occurs at m = 0. We can see that for this case there is in
fact no dependence on the gyromotion component. This resonance concerns the oblique component
of the wave and relates the parallel particle motion to the parallel perturbations of the wave electric
field. Waves traveling near the resonant velocity will observe a constant electric field directed along
the background magnetic field line. This phenomenon is often compared to the effect of a surfer
traveling near the phase velocity of traditional ocean waves. If the surfer moves slightly faster than
the wave, their energy will be lost as they push on the rise of the wave, while traveling slightly
slower will result in the wave peak acting to accelerate them.
Similarly, particle distributions will either gain or lose energy to the wave depending on whether
there are more particles moving slightly faster than the wave than there are particles moving slightly
slower or vice versa. In isotropic Maxwellian plasmas, the ions resonant with EMIC waves will be on
the higher end of the energy spectrum, where the slope of the distribution function decreases with
increasing energy. The presence of a higher number of resonant particles moving slower than the
wave phase velocity implies that in this environment the wave would lose energy through heating
of the plasma. This is often referred to as Landau damping. The opposite case can occur, in which
the higher end of the Maxwellian distribution has an added positive slope around the resonant
energy. Here particles would lose energy to the wave, leading to wave growth. This distribution
usually appears as an additional smaller Maxwellian population of hot ions added to the normal
bulk distribution, and so is typically referred to as a bump-on-tail distribution.
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4.1.2.3 Crossover Frequency
The crossover frequency ωcr is the first dispersion surface that the wave will encounter as it propa-
gates along the field line. This is the frequency where the right- and left-hand circularly polarized
wave solutions are equal, and can be found by setting the Stix parameters R = L. Since each of
these parameters include a summation over the plasma components, the ion composition ratio is a
critical value in this calculation.
In Figure 4-1 this calculation was made with a 95% H+ : 5% He+ ratio, but other heavy
ion components such as O+ will also contribute to this value if found in sufficient abundances.
The addition of the O+ component will lead to the formation of a similar set of resonance surfaces
between the O+ and He+ cyclotron frequencies. To simplify this we will solve these relationships for
a plasma consisting of electrons as well as two positively charged components of masses M2 > M1,
and list the density ratios A1 = n1/ne and A2 = n2/ne.













































































Then, using two ion species of masses m2 > m1 and recalling ω2pi/ω2pe = A1memi and
∑
iAi = 1 ,






















































































ω4cr − ω2cr(Ω2c,1 +Ω2c,2) + Ω2c,1Ω2c,2 =− ω2cr(A1Ω2c,1 +A2Ω2c,2) + Ω2c,1Ω2c,2(A1 +A2)
ω2cr − (Ω2c,1 +Ω2c,2) =− (A1Ω2c,1 +A2Ω2c,2)







At this frequency, the dispersion relation is satisfied for both right-and left-hand polarized
waves. As such, this is an opportunity for wave energy to be transferred between these modes
resulting in a polarization reversal [Smith and Brice, 1964].
The expression becomes more complicated when adding a third species to the ion composition,
but can still be solved analytically. The solution from Chen et al. [2014] will be in the form of a
quadratic equation whose terms














































where the subscripts H −He and He−O designate the frequency values within the H+ and He+
bands respectively. The crossover frequencies for a realistic magnetospheric plasma distribution
are given in Figure 4-2 by the light blue dotted lines. We can see that the right- and left-hand
polarized solutions to the dispersion relation (given by the red and blue curves respectively) cross
at this frequency.
4.1.2.4 LHP Cutoff Frequency
Using the L parameter given in (4.7), we can solve for the cutoff frequency for the left hand
polarized wave mode by solving for L = 0. In the moderate to high density of the magnetosphere,







































(ωco − Ωc,1)(ωco − Ωc,2) =A1Ωc,1 (ωco − Ωc,2)−A1Ωc,1 (ωco − Ωc,2)
0 =ω2co − ωco
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Figure 4-2: Dispersion relation between frequency and wave vector for a wave oriented purely
along the magnetic field in a realistic magnetospheric plasma. Red and blue curves relate to
right- and left-hand circular polarization, respectively.
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This frequency is the stop band for left-hand polarized wave activity, and forms the lower limit
to EMIC wave frequency within a particular ion band. Waves encountering a position along the
field where their excitation frequency matches the cutoff frequency can only continue to propagate
via any coupled right hand polarized wave power or as an evanescent wave.
The solution for a plasma composed of three ion species is given by the parameters
α2 =AH +AHe +AO
β2 = − (AH (Ωc,He +Ωc,O) +AHe (Ωc,H +Ωc,O) +AO (Ωc,H +Ωc,He))
ζ2 =AH Ωc,HeΩc,O +AHeΩc,H Ωc,O +AO Ωc,H Ωc,He
(4.12)













In Figure 4-2 we can see the left-hand polarized portion of the dispersion relation asymptotically
approaching this value (given by the green dotted line) for both the H+ and He+ bands.
4.1.2.5 Buchsbaum Frequency
Again, using the parameters for R and L in (4.7), we can solve for the Buchsbaum resonance at

















































For the moderate density regime, the right hand side of (4.14) will be much larger than the left













































Wave activity below this frequency will no longer be guided by the background magnetic field
[Buchsbaum, 1960] as the perpendicular wave number approaches infinity. Kim and Johnson [2016]
have shown through 2-D finite element modeling that while purely transverse wave activity is
reflected to the outer magnetosphere at this boundary, oblique wave activity couples to the right-
hand polarized mode and a portion is refracted into the inner magnetosphere.
The solution for a plasma composed of three ion species is given by the parameters
α3 =AH Ωc,H +AHeΩc,He +AO Ωc,O
β3 = −
(








































In Figure 4-3 we can see that the right-hand polarized portion of wave activity with a perpendicularly-
oriented wave normal vector asymptotically approaches this frequency value, given by the red dotted
line.
4.2 Wave Drivers
The interactions between waves and particles are most efficient at resonant frequencies defined by
the relative motion of the particles and waves, the polarization and coherence of the wave, and the
particle mass and charge (as discussed in section 4.1.2). The reasons such an energy exchange is
warranted in the first place, however, is due to anisotropic conditions in the magnetized plasma.
A fully homogeneous and stable plasma and magnetic field configuration will remain so. However,
in cases where non-isotropic conditions exist, a source of potential energy will be present which
the system will seek to minimize. These anisotropies can arise from a variety of influences on the
magnetosphere, and waves will act to redistribute this energy such that the end state of the system
better approximates a homogeneous stable system.
The influences which lead to anisotropic conditions are often referred to as drivers, and can range
from external mechanisms, such as the impact of interplanetary coronal mass ejections (ICMEs) on
the magnetosphere, to internal magnetospheric processes such as substorm injections (which may
in turn be driven by external forces). These mechanisms act through a cascade of magnetospheric
processes to alter the relevant plasma populations and so trigger a variety of wave processes. In
the case of EMIC waves, we are most often interested in the temperature anisotropy of 10s of keV
ions. This temperature anisotropy can be induced in an already present ion population by local
acceleration mechanisms, or a new anisotropic population can be introduced into the system. We
will describe several methods of these interactions which are later observed in our wave dataset
below.
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Figure 4-3: Dispersion relation between frequency and wave vector for a wave oriented purely
perpendicularly to the magnetic field in a realistic magnetospheric plasma. Red and blue curves
relate to right- and left-hand circular polarization, respectively.
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4.2.1 Dayside Compression
One method of accelerating particles in Earth’s magnetosphere is through compression of the mag-
netic field. In its steady state, the outer boundary of the magnetosphere is determined to first order
by the balance in pressure between the dynamic solar wind pressure pdyn = ρv and the Earth’s
manetic field pressure pB = B
2
2µ0
, where ρ is the particle mass density, v is the bulk solar wind
speed, and B is the magnetic field magnitude. For typical speed and density values in the solar
wind of vsw = 400 km/s and ρsw = mpn for n ∼ 10 cm−3, this boundary under the subsolar point
often lies at about 10 Re, where the magnetospheric field strength is on the order of Bmp = 80 nT.
Solar wind transients, such as ICMEs and corotating interaction regions (CIRs) often travel
much faster than the already super-alfvénic solar wind, and so carry a higher dynamic pressure.
For an average ICME velocity of vtyp = 424 km/s with a standard deviation of 275 km/s as given
by St. Cyr et al. [2000] and a typical field strength increase by a factor of 2-3, this translates
into an increase in the dynamic pressure impinging on the magnetosphere by a factor of ∼2-10.
This increased solar wind pressure will in turn be balanced by the magnetospheric field strength,
compressing the dayside of the magnetosphere to compensate. The local particle populations will
be compressed with this motion, bringing them into a region of higher magnetic field strength and
causing them to undergo betatron acceleration, as described in section 1.3.4.
So, as shown by Olson and Lee [1983], we can see the plasma properties relevant to wave growth




















. The α used here is shown to lie within 2/3 < α < 2.5/3 in a dipole field by
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Southwood and Kivelson [1975]. For the wave growth parameter (4.5) we can see that the predicted
wave growth would increase with B as B2.
Because this energization is driven by impulses from the solar wind, the location where we
would expect to see EMIC wave growth stimulated by this method is across the dayside of the
magnetosphere. Typically, we would expect this to occur towards the outer magnetosphere where
the magnetic compression is most significant, but since wave growth is also dependent upon the cold
plasma density (which decreases with radial distance) and hot ion populations the exact location
of wave activity can occur further inwards. This behavior has been documented on large statistical
scales using both ground-based observatories [Kuwashima et al., 1981], in space using the AMPTE
CCE mission [Anderson et al., 1992a], and more recently with Van Allen Probes data by Tetrick
et al. [2017]. Additionally, individual case studies showing wave growth correlated with solar wind
pressure enhancements have been investigated using in situ observations from the Polar [Arnoldy
et al., 2005] and GOES [Kim et al., 2017] spacecraft.
The reliance of this wave generation mechanism on pressure impulses also implies that if the
wave events in question are related to a geomagnetic storm, we would expect to see wave growth
during the onset/commencement phase. There is some evidence of this trend seen in CRRES
[Halford et al., 2010] and Van Allen Probe [Wang et al., 2016] date, but the majority of wave events
are found to be during the main phase into the recovery period. It is possible that the injection and
ring-current driven wave events can experience a longer growth time than compressionally driven
events, such that the latter would be shorter-lived and lower in magnitude (leading to preferential
selection of storm-time events in large-scale studies).
4.2.2 Substorm Injections
The more traditionally theorized source of EMIC wave growth is derived from the interaction be-
tween anisotropic ring current ions and the cold dense plasmasphere. As discussed in section 1.4.2,
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the ring current typically spans anywhere between L=2-7 but tends to be more concentrated at
higher L. During geomagnetic storms, the main body of the plasmasphere is eroded, but a plasma-
spheric plume extending sunward in the dusk region forms due to the formation of the convective
electric field. This plume is made up of a cold, dense plasma which can extend deep into the ring
current.
We can see from (4.6) that the resonant velocity will depend on the index of refraction n, which
will in turn be affected by the cold plasma density. The higher density found in the plasmasphere
lowers the resonant velocity of generated EMIC waves into the energy range of the ring current.
So, in this region where the storm-time plasmaspheric plume and the ring current overlap, we
would expect to see ion cyclotron waves with the most significant wave growth. This region can
be further enhanced by the injection of fresh ring current ions during substorms. Substorms,
caused by the dipolarization of the magnetic field stretching into the tail of the magnetosphere,
bring energized ions and electrons sunward from the plasma sheet in to lower Lshells, where they
drift duskwards and dawnwards respectively. The positively-charged ions will undergo betatron
acceleration through this mechanism, which will increase their anisotropy and energy before they
are subsequently brought into the same spatial region as the plasmaspheric plume.
4.3 Pc1 Pearl Pulsations
Pc1 pearl pulsations are a type of electromagnetic wave that embody all of the same characteristics
as EMIC waves (ellipticity, wave-normal angle, etc.), but are modulated in time on the order of
10-100 seconds (see example in Figure 4-4a). This modulation is very regular and periodic over
the duration of a wave event, which can last anywhere from a few minutes to several hours2. They
2The exact duration of an active wave-generation region is difficult to measure, as in situ observations are typically
limited to a single moving spacecraft. The observed event will be a combination of wave duration and spatial extent
of a possibly moving source. Ground observations used in magnetic conjunction with spacecraft data can be used
to better model the active region, but additional issues such as ionospheric ducting (see section 5.1.3) will further
complicate the issue.
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Figure 4-4: Comparison of spectrograms of Pc1 pearl pulsation (a) and
unstructured EMIC wave activity (b) in the He+-band frequency range ob-
served by the Van Allen Probe-A spacecraft spanning a similar range in
L and MLT. He+ and O+ gyrofrequencies are plotted in green and orange
respectively for reference. The signal in (a) at 1.5Hz is an artifact due to
instrumental interference.
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Figure 4-5: Original observations of Pc1 pearl events from Sucks-
dorff [1936].
were first observed by ground magnetometers in 1936 [Sucksdorff , 1936; Harang, 1936], and were
identified in time-series data by their distinct repeating periods of increased wave amplitudes (see
Figure 4-5).
This type of structured wave activity has been well-recorded using ground observatories since
their initial identification [Pope, 1965; Saito, 1969; Jun et al., 2016, e.g.], going so far as to make
up anywhere from 18% [Kuwashima et al., 1981] to 70% Kerttula et al. [2001] of total observed
EMIC wave activity. There have been various attempts at classifying and subsequently explaining
these wave events by their spectral characteristics [Tepley, 1965; Fukunishi et al., 1981], but these
efforts have largely been abandoned in favor of more general ion cyclotron generation mechanisms.
Our work will concern wave events exhibiting the characteristics of the “Non-Dispersive Periodic
Hydromagnetic” and “Diffuse/Periodic” emissions shown in Figure 4-6.
In situ observations using satellites have until very recently been limited to a handful of indi-
vidual observations Perraut et al. [1982]; Erlandson et al. [1992]; Mursula and Rasinkangas [1997];
Mursula et al. [2001]. This lack of observations is due in part to the undersampling of the harsh
equatorial environment near the radiation belts where the ring current would encounter the plas-
maspheric boundary (a widely-accepted generation region of the magnetosphere, see section 4.2).
The Combined Release and Radiation Effects Satellite covered this region, but while there exist
several studies of EMIC wave activity observed by this spacecraft [Loto’aniu, 2005; Halford et al.,
2010; Meredith et al., 2014, e.g.], these studies did not purposefully seek to identify time-modulated
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events. Without examining the data at the same level with which we have examined that from the
Van Allen Probes mission, it is difficult to say whether pearl pulsations were not observed due to
a lack of scrutiny, or some shift in the magnetospheric parameters with the changing solar cycle.
Using the Van Allen Probes, which cover this area of the inner magnetosphere in depth (see
section 5.1.1), we have observed hundreds of EMIC wave events exhibiting pearl structure, allowing
us to investigate the differences between structured and unstructured EMIC waves on a statistical
scale. The results from this study are discussed in detail in section 5, where we show differences
not only in the spatial occurrence and extent of wave activity regions between pearl pulsations and
unstructured EIMC waves, but also in the temporal occurrence relative to storm phases and even
spectral characteristics. These properties are evident in the overall dataset on a statistical scale,
and are not restricted to a few isolated events.
4.3.1 Generation
The current knowledge regarding the generation and behavior of pearl pulsations is based on the
isolated observations listed above in conjunction with inferences from various ground-based studies
[Pope, 1965; Saito, 1969; Kerttula et al., 2001, e.g.]. Recent work (eg, Jun et al. [2016]) with
ground-based observations of pearl pulsations have suggested that the temporal modulation is due
to ionospheric interference of an equatorially generated unstructured wave event. However, the
number of consistent in situ observations in our study would suggest that the mechanism causing
the periodic modulation pattern characteristic of pearl pulsations is magnetospheric in origin. The
original generation theory upon the discovery of these waves predicted a wave packet bouncing
along magnetic field lines between ionospheric boundaries [Jacobs and Watanabe, 1964; Obayashi,
1965]. However, conjugate observations on the ground and in space place a strong limitation on
this model. Other suggested mechanisms include modulation of the source population by Pc5 ULF
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Figure 4-6: Classifications of Pc1 wave
modes from spectral characteristics by
Fukunishi et al. [1981].
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waves and reflecting wave packets within a narrow torus of heavy ions comprising an ion cyclotron
resonator.
4.3.1.1 Bouncing Wave Packet
The concept of the bouncing wave packet evolved over several years during the period when the
structure of the magnetosphere and its relation to the high-speed solar wind was just beginning
to be understood. Several decades of ground-based observations had confirmed the pervasiveness
of wave modes with repeating structures, and the period of repetition appeared to align with the
theoretical travel times of waves and particles along magnetic field lines.
The earliest explanation for the repetition period relied on the travel time of discrete bunches
of trapped particles. Jacobs and Watanabe [1962] and Jacobs and Watanabe [1963] proposed a two-
step generation mechanism, in which a stochastic process of Alfvén wave generation in the outer
magnetosphere would isolate wave disturbances through their connection to the “frozen-in” bunch
of trapped ions. This bunch would travel along field lines carrying the alfvénic disturbance until
they encountered the ionospheric boundary. Here specific frequencies resonant with the Alfvén
cavity within the ionosphere centered at the Alfvén speed minimum near the F2 ionization peak
undergo conversion to the electromagnetic wave mode [Piddington, 1959]. The bunch of trapped
particles and the alfvénic disturbance would reflect along the field lines to travel to the opposite
hemisphere, while the electromagnetic waves would propagate to their points of observation at
lower altitudes. The particles and disturbance would then continue to reflect, generating bursts
of Pc1 activity at regular intervals. The travel time of the particles between ionospheres would
depend upon the length of the field lines, so if these populations were originally distributed in L,
they would undergo a dispersive signature. Jacobs and Watanabe [1963] describes this method as
a way to explain the “fan-type” spectral signatures seen in some events.
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This concept was later refined by Obayashi [1965] to examine the bounce motion of individual
wave packets rather than particle bunches. These isolated wave packets would be made up of
EMIC wave activity generated in the now standard source region at the magnetic equator3. These
waves would travel along the magnetic field lines where they would be reflected at the conducting
boundary that is the ionosphere. These reflected emissions would then travel back towards the
conjugate ionosphere, passing through the wave generation region to become reenergized, repeating
their motion. Assuming a dipole field configuration and a cold plasma density that falls off with




















where r/a = Lcos2φ traces the shape of a dipolar field line by the magnetic latitude φ and
the dimensionless parameter L defined as the multiple of the Earth’s radius a = 6371 km at the
magnetic equator, ω/ωc is the ratio of the wave excitation to the equatorial ion cyclotron frequency,
B0 = 0.31Gauss is the Earth’s magnetic moment, and M is the ion mass. This initial simplistic
model assumed a quasineutral plasma composed entirely of protons, but the wave travel velocity can
be computed with different mass loads along the field line in regimes of heavy element occurrence.
Obayashi [1965] additionally showed that the frequency-dependent phase velocity given by V⃗ph = ωk⃗
would explain the rising tones often observed in sonograms, and that repeated bounces would result
in the “fan-type” dispersive signatures observed in hydromagnetic (HM) chorus. Glangeaud and
Lacoume [1971] discuss the improved guiding of a bouncing wave packet along field lines by steep
density gradients, implying that density boundaries such as the well-defined plasmapause in the
late morning sector are ideal regions to confine reflecting packets.
3This is due to the concentration of particle populations with pitch angles closer to 90◦ at magnetic field minima,
which for a dipole field configuration is at the equator, as discussed in section 4.1
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Figure 4-7: Conjugate ground-based Pc1 pearl pulsation observations from Gendrin and Troitskaya
[1965] (Reprinted courtesy of the National Institute of Standards and Technology, U.S. Department of
Commerce).
The symmetry of the Earths magnetic field across the magnetic equator and reflective iono-
spheres in both hemispheres would imply that not only will a wave packet be repeatedly reflected
between these two hemispheres, but that observations of penetrating wave power should alternately
be observable on the ground at magnetically conjugate stations. Observations have been made that
show this alternation of wave power in the Pc1 band at conjugate sites [Jacobs and Watanabe, 1963;
Gendrin and Troitskaya, 1965] such as observed in Figure 4-7. As this example shows, however, a
time shift of 80 seconds showed similar waveform signatures in each hemisphere, but this packet was
then proceeded after 56 seconds by a different signature. While at first these observations appear to
satisfy the conditions of a bouncing wave packet, closer inspection reveals that there is more likely
a wave source region transmitting wave power simultaneously towards both stations, but that there
is either a difference between the distances from this source region to each observatory, or there
exists some medium which delays one of these signals. While the two stations recorded by Gendrin
and Troitskaya [1965] are generally conjugate, it may be that one is only observing a signal that
has been ducted across the ionospheric resonator, a common complication of ground-based EMIC
observations.
The most convincing evidence to prove this method would of course be in situ observations of
the ionospherically reflecting packets. Spacecraft in the magnetosphere equipped with sufficiently
sensitive fluxgate magnetometers can measure EMIC wave activity, and modern magnetic field
models such as that developed by Tsyganenko and Sitnov [2005] can provide accurate predictions
of magnetic field line conjugacy with ground-based observatories. Such conjugate observations have
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been performed using the Viking spacecraft [Mursula and Rasinkangas, 1997], the Time History of
Events and Macroscale Interactions during Substorms mission [Usanova et al., 2008], and the Van
Allen Probes mission [Paulson et al., 2014]. However, each of these conjugate observations of wave
activity demonstrated the same modulation periodicity in situ as on the ground, meaning that any
reflected wave packets did not return to the magnetospheric point of observation. Additionally,
large studies of EMIC activity by spacecraft missions have demonstrated unidirectional Poynting
flux measurements towards the ionosphere once outside the equatorial generation region [Fraser
et al., 1996; Loto’aniu, 2005], again implying that reflected wave packets did not return to the
spacecraft.
In chapter 5 we will discuss how the measurements we made for this study not only show similar
wave behavior patterns, but in fact we find additional qualities of this wave mode which disagree
with this generation mechanism.
4.3.1.2 ULF Modulation
Another mechanism employed to describe the periodicity of pearl pulsations is the modulation of
the magnetospheric source region by ULF wave activity in the Pc3-5 range [Plyasova-Bakounina
et al., 1996; Mursula and Rasinkangas, 1997]. Oscillations in this frequency range (for reference,
see section 1.2) are often triggered by outside drivers such as solar wind perturbations or Kelvin-
Helmholtz waves generated across the Earth’s bow shock. These external perturbations propagate
inwards until they encounter a region where the local field line resonance equals the incoming oscil-
lation frequency (or the appropriate portion of wave activity should the incoming perturbation be
a broadband wave enhancement). There the resonance will enhance the wave power at a particular
frequency, and the field itself will oscillate, distorting the local magnetosphere. These distortions
could theoretically lead to localized wave growth through a variety of methods.
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Since this region is composed of a magnetized plasma, particle populations frozen in to the field
will also be affected. The timescale of the oscillation in relation to the periods of the three main
modes of particle motion (gyro-, bounce-, and drift-motion) will determine how the plasma will be
affected. The periodicity range for field line resonances in the Pc4-5 range is 45 to 600 seconds (see
Table 1.1). If we compare this timerange to that of the three types of particle motion for a resonant
ion in the magnetosphere, we can see that the first adiabatic invariant µ would be conserved, while
the drift invariant is not. The increase in local field strength at the crest of such a FLR while
µ is conserved for the particle will drive betatron acceleration, resulting in a localized increase in
particle anisotropy. Should this anisotropy be sufficient to stimulate wave growth, EMIC waves
will be driven periodically with the FLR oscillations.
These field line oscillations will also affect the cold background plasma population, creating
regions of density enhancement and depletion. As discussed in section 4.1, wave growth (4.5) is
dependent on the cold plasma density n, so regions of enhanced plasma density will lead to enhanced
wave growth. This is shown on a small scale by De Soria-Santacruz et al. [2013], who discussed
analytical models of wave growth at periodic radial density slopes.
A third interaction between EMIC wave formation and Pc4-5 pulsations relates to the plasma
parameters found in the troughs of wave oscillations. As the field decreases, the plasma β term,
β = nkBT
B2/(2µ0)
will increase. We can see from (4.5) that the wave growth is dependent on plasma
beta, but the change in this term can also be viewed in its relation to wave-particle resonant in-
teractions. The resonant energy of particle driving wave activity decreases as plasma β increases.
Periodic oscillations in the magnetic field strength may bring the resonant energy value down into
the range of an already present quasi-stable thermal population. This wave generation method is
similar to that ascribed to so-called Lion Roars [Smith and Tsurutani, 1976], whistler-mode waves
found in magnetic field dips.
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Figure 4-8: Eigenmodes of the first three harmonics
stable in the cyclotron resonator from Guglielmi et al.
[2001].
4.3.1.3 Ion Cyclotron Resonator
The third proposed generation mechanism for pearl pulsations that we will evaluate in this study is
the formation of an ion cyclotron resonator (ICR) in the magnetosphere [Guglielmi et al., 2001]. The
ion cyclotron resonator theory is based upon the formation of a heavy ion torus centered around the
equator. At the poleward boundaries of this torus there would exist an opaqueness band between
the cyclotron frequency of the heavier ion ωc,j and the cutoff frequency ωco,i (for mj > mi) for left-
hand polarized waves. The torus then necessarily becomes a resonator for standing waves shown by
Guglielmi et al. [2000] to be in the Pc1-2 frequency range (see eigenmode examples in Figure 4-8).
These standing waves, when observed at some displacement from the equator, can appear as
a periodically oscillating wave packet reflecting along the magnetic field within this latitudinally
confined region . Some portion of the wave energy within these packets would be expected to
tunnel through the opaque barrier through a conversion to the right-hand circularly and linearly
polarized wave modes (similar to the conversion predicted by Rauch and Roux [1982]) at the
crossover frequency created by the increasing magnetic field strength at higher magnetic latitudes
(10◦-20◦). The ICR-predicted mode conversion at lower latitudes could explain the polarization
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conversion on 10 September 2012 at 3.3◦ magnetic latitude shown in Figure 5-16 [Paulson et al.,
2014]. The right hand polarized portion of wave activity did exhibit lower wave power compared
to the left-hand polarized portion, as would be predicted by a tunneling mechanism, although we
do not see a significant difference in wave power between those events listed in Table 5.1 and the
pearl pulsation events in the greater dataset. We would expect those observations of oscillating
wave packets to display higher wave amplitudes on average than those unidirectionally propagating
waves observed after tunneling through an opaque barrier.
The focus of this generation mechanism relies on the existence of a cold heavy ion component
in sufficient quantities as to affect the dispersion characteristics of plasma waves. The formation of
an O+ torus has been inferred through its effect on field line resonances by Nosé et al. [2015], and
was seen to straddle the plasmapause boundary during its formation. This equatorially trapped
torus formed during the recovery period of a magnetic storm due to the ionospheric outflowing
O+ being convected to lower L where it coalesced into high-density ring. Jahn et al. [2017] have
characterized the formation of warm O+ plasma “cloak” structures in the energy range between the
plasmaspheric population and the ring current through a statistical overview of Van Allen Probes
observations, and have identified a predominantly dawnside enhancement of O+ dominance over
other ion components. This transition between the dominance of H+ at higher L and O+ at lower
L occurred in the L=4-5 range, and is most visible during quiet periods defined by Kp≤0.
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Chapter 5
Observations of Pc1 Pearl
Pulsations
The launch of the Van Allen Probes spacecraft provided an unprecedented level of monitoring
and observation in the equatorial inner magnetosphere. While missions such as the Combined
Release and Radiation Effects Satellite (CRRES) mission [Halford et al., 2010; Meredith et al.,
2014] and to some extent Active Magnetospheric Particle Tracer Explorers Charge Composition
Explorer (AMPTE CCE) [Anderson et al., 1992a,b] and Time History of Events and Macroscale
Interactions during Substorms (THEMIS) mission [Min et al., 2012] did sample a similar region
and produced statistical surveys of EMIC waves, they did not have the same level of comprehensive
instrument capabilities or experience the same longevity as has the Van Allen Probes mission. We
have benefited from several years of uninterrupted monitoring of the radiation belt environment
with high resolution instrumentation. The mission longevity allows us to observe the occurrence
of waves relative to various geomagnetic conditions throughout the waning solar cycle, and the
multiple spacecraft allow us to make investigations into the coherence scales of wave regions. For
our study, however, the true benefit of the Van Allen Probes mission is the high resolution and
sampling rate of the instruments on board. The detail in spectral characteristics of observed EMIC
waves is what has allowed us to clearly identify the periodic modulation of pearl pulsations.
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While these previous studies examined EMIC wave properties in depth, they did not differentiate
their findings between unstructured EMIC waves and pearl pulsations. Any identifications of in
situ pearl pulsation observations in the past have been restricted to individual sightings [Perraut
et al., 1982; Erlandson et al., 1992; Mursula and Rasinkangas, 1997; Mursula et al., 2001] from
which it is difficult to draw broad conclusions. Our study of the Van Allen Probes dataset has
revealed hundreds of hours worth of pearl pulsation wave activity making up nearly 1/4 of the total
observed EMIC wave activity.
We have found several significant differences between structured pearl pulsations and unstruc-
tured EMIC waves, some of which corroborate findings from previous (ground-based) studies, and
others which pose issues for the proposed generation mechanisms discussed in section 4.3.1. Pearl
pulsations are most often observed during periods of low Kp and during the late recovery period of
geomagnetic storms, while unstructured waves are more often observed during active times. Both
the excitation and modulation frequencies of pearl pulsations are constant across significant spatial
distances. While unstructured EMIC waves are most often found across the dayside with enhanced
wave power across dusk, pearl pulsations are nearly uniformly distributed throughout the inner
magnetosphere, with an occurrence enhancement in the late morning sector. We will discuss these
differences below, including the subset of our events that exhibit periodically reflecting Poynt-
ing flux (Section 5.4.1), storm-time temporal distributions (Section 5.3.2.1), normalized frequency
characteristics (Section 5.4.2), and spatial distributions (Section 5.3.1).
5.1 Instrumentation
We have used both in situ and ground-based observatories in our studies to examine the properties
of pearl pulsations. Satellite measurements provide excellent context regarding the local plasma
environment traveled by the wave packet, and offer the opportunity to observe active wave gener-
ation regions. We have relied primarily on the Van Allen Probes mission for our large study, but
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have also made use of observations by the Magnetospheric MultiScale (MMS) mission, which offers
a unique view into the evolution of wave generation regions across plasma gradients at ion scale
sizes. In addition, we have used ground observatories during periods of magnetic conjunction with
spacecraft in order to verify propagation characteristics of individual events.
5.1.1 Van Allen Probes
The Van Allen Probes mission is a magnetospheric satellite observatory that consists of two identical
spacecraft which follow similar highly elliptical orbital paths at an inclination of 10◦. This ∼9 h
orbit has a perigee of 1.1 RE , and reaches apogee of 5.8 RE , making them ideal for studying space
plasma effects in the vicinity of the Van Allen radiation belts. The spacecraft are spin-stabilized
at a period of ∼11 seconds with the spin axis directed approximately towards the Sun. The
survey of EMIC waves presented here was generated during the period from 8th September 2012
through 31st August 2015 (found in appendix C), constituting the first 3 years of operation of the
spacecraft. During this time, the spacecraft orbits precessed nearly two complete rotations in MLT
(see Figure 5-1).
The spacecraft are outfitted with a full complement of energetic particle, electric field, and
magnetic field instruments. The fluxgate magnetometers, part of the Electric and Magnetic Field
Instrument and Integrated Science (EMFISIS) suite [Kletzing et al., 2013], provide full 64 vectors
per second measurements, allowing us to observe waves up to a Nyquist frequency of 32Hz. The
fluxgate was used both for the AC fluctuations of wave events as well as determining the background
magnetic field strength and direction. Given the typical values for |B| throughout the region of
interest, we expect to find EMIC waves within a range of 0.01Hz through 10Hz. Our electric field
measurements were restricted to the spin plane electric field booms, part of the Electric Fields and
Waves (EFW) instrument [Wygant et al., 2013]. These operate at a 32 measurement per second
cadence, allowing us to perform Poynting flux analyses for wave events up to 16Hz.
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Figure 5-1: Coverage as a function of L against magnetic local time and magnetic latitude by both space-
craft from September 2012 through August 2015. Only cells in which the spacecraft spent a combined
dwell time of at least 2 hours have been included. The dashed magenta line in the top plot shows the
position of geosynchronous orbit.
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5.1.2 Magnetospheric MultiScale
The Magnetospheric MultiScale (MMS) mission consists of four identical spacecraft flying in a
tightly-controlled elliptical equatorial orbit. This mission was originally designed to study the micro
and macrophysics of magnetic reconnection both at the magnetopause and in the magnetotail, and
so has a full complement of electric and magnetic field instruments as well as particle instruments
measuring plasma populations at various energy ranges.
The typical orbital path of this mission often concentrates observation time further out than
we would expect to find pearl pulsations, but the spacecraft do collect data as they pass through
perigee. Unfortunately for our purposes, the relevant particle instruments are typically put into
safe operation modes inside of L=7, but we do have access to sufficiently high-resolution magnetic
and electric field data. MMS provides an insight into the difference of EMIC wave events across
small spatial scales, as the configuration of the spacecraft during the main phase of the mission is
kept to a separation below 20km. As such, we can use the measurements made by the constellation
across local plasma gradients and morphologies over small timescales
5.1.3 Ground-Based Observatories
Many magnetic observatories have been established across the Earth’s surface throughout history;
first to identify the exact location and movement of the geomagnetic poles, and later to monitor
magnetospheric activity. These stations are often collocated with a variety of observational equip-
ment, from radio telescopes to incoherent scatter radar since the magnetic activity is often used as
a proxy for larger processes. In order to measure the alternating component of the field constituting
wave perturbations, measurements are often made with a search coil magnetometer (SCM). This
is one of the simplest tools used to measure the magnetic field, and consists of a long coil of wire,
often but not necessarily wrapped around some magnetically permeable material. It resembles a
single half of the rod-type fluxgate magnetometer depicted in Figure 2-1, though without a drive
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current such that the coil acts only as a sense winding. Any changing magnetic field aligned with
the toroidal axis of the solenoid will induce a current proportional to its strength and direction in
the coil. This device has the benefit of not needing a power source to drive its operation, reducing
the effects of instrumental noise and upkeep needs, but it comes at the loss of a background field
strength and direction measurement.
These instruments are excellent at sensing waves in the Pc1-2 categories, however, and pro-
vide a strong historic record of EMIC wave measurement throughout the space age. Observatories
are often placed at higher latitudes where conditions are more active, and the University of New
Hampshire is involved in the oversight and maintenance of sites on the island of Svalbard and in
Antarctica, among others. Each of these locations are occasionally located at the footpoints of mag-
netic field lines intersecting the orbital paths of spacecraft missions such as the Van Allen probes.
This conjugacy of simultaneous measurements allows us to observe field-aligned disturbances such
as EMIC waves both in the region of wave generation and after their propagation through the
magnetosphere and ionosphere (see examples in section 5.4.3).
Several issues arise with ground observatories which make wave observations more complicated.
First, the transmission of wave energy through the sudden change in refractive index at the iono-
sphere will inevitably affect wave properties such as ellipticity and wave normal. Second, the
changing field and plasma density gradients along the field lines in the vicinity of the ionosphere
creates a local minimum in the Alfvèn speed at an altitude of ∼400 km. This local cavity generates
a resonator for Alfvèn waves, such that right-hand polarized compressional waves coupled to trans-
verse left-hand polarized wave energy can propagate perpendicular to the field for large distances.
The resonance cavity is not perfect, so wave energy leaks through to ground stations along the way.
As such, any observations made on the ground cannot necessarily be traced back to a magnetically
conjugate equatorial region, but instead need simultaneous in situ measurements to fully calculate
the propagation and incidence.
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5.2 Wave Analysis Development
We can use wave measurements from magnetic and electric field instruments to derive wave qualities
indicating their interaction with certain plasma populations, and the directions wave events will
travel.
5.2.1 Polarization
Wave polarization is one of the fundamental defining parameters of plasma waves, as waves gener-
ated by different mechanisms will exhibit unique characteristics. Using polarization analysis we can
determine the wave-normal angle (direction normal to the plane formed by coherent perpendicular
perturbations), the ellipticity (the ratio of the perpendicular perturbations and helicity of the rota-
tion of this perturbation about the background magnetic field direction), and the coherency of the
wave structure (the measure of the ordered periodic structure and distinguishability of the pertur-
bation from random noise). In section B.1 we derive the method by which we perform this analysis
in the spectral regime, so that we are able to find these characteristics at multiple frequencies for
a given window in time.
The most significant quantity we can derive through this analysis is the ellipticity, which is
measured on a scale from -1 (left-hand circularly polarized), through 0 (linearly polarized), to
+1 (right-hand circularly polarized). This measurement defines the direction of rotation of the
field perturbation vector about the magnetic field direction. We often perform this analysis using
magnetic field data, but as the waves we examine are electromagnetic, the electric field perturbation
vector will trace out a similar path. As described in section 4.1.2, the motion of particles relative
to this electric field perturbation will define whether they can efficiently exchange energy with this
wave. As such, this measure of ellipticity is essential to understanding the effect an observed wave
will have on the surrounding plasma population.
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By defining the wave perturbations (δB⃗r , δB⃗s) in a coordinate system where (rˆ , sˆ) ⊥ k⃗ (for






















where ℑJrs indicates the imaginary portion of the off-diagonal element δB⃗rδB⃗∗s and |JP | denotes
the determinant of the matrix given in (5.1).
5.2.2 Poynting Flux
Poynting fluxes were calculated using the spin plane electric field booms in coordination with
the fluxgate magnetometer. In order to obtain a full 3-dimensional electric field measurement,
we calculated the third component of the electric field (In our case, ExmGSE , where the mGSE
coordinate system is a modified version of the GSE coordinate system rotated such that the x-
component lies in the spacecraft spin direction) using the assumption E⃗ · B⃗ = 0. We can therefore
determine an unknown Ex by solving:
E⃗ · B⃗ = 0







Using this substitution and rotating into the field-aligned coordinate system described in sec-
tion B.2, we arrive at a measurement of the field-aligned Poynting Flux S|| = Sn given in terms of
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( [δE∗⊥1 · δB⊥2 − δE∗⊥2 · δB⊥1] + [δE⊥1 · δB∗⊥2 − δE⊥2 · δB∗⊥1] ) (5.3)
and further extrapolated in (B.12). While we do use the total Poyntning Flux measurement as
part of the criteria for where to consider wave activity of significant amplitude and to examine the
distribution of wave energy contributions, we are most interested in the angle of propagation of







Due to the orientation of the spin axis with respect to the background magnetic field, Bx will
at some times be very small. We can see above that as Bx → 0, Ex → ∞ and we are left with
an unphysical solution. As such, these calculations were only kept for periods when the absolute
measurement of the magnetic field along the spin axis direction was greater than 2 nT. Additionally,
any error in Ey or Ez would be magnified by the magnetic field ratio terms, so cases in which the
ratios of magnetic field components (BymGSEBxmGSE and
BzmGSE
BxmGSE
) in the modified GSE frame defined by
Wygant et al. [2013] were greater than 5 were flagged 1.
For the intervals where the results of Ex were unphysical or otherwise exacerbated measurement












(δB⊥1 · δB∗⊥1 + δB⊥2 · δB∗⊥2) (5.5)
1Recall our Poynting Flux calculations are performed in the spectral domain, so while the DC field will often be
directed mostly along the Bz direction, the ratios here are calculated at each frequency channel of our fast fourier





using the electric field component in the spacecraft spin plane perpendicular to the background
magnetic field E⊥1 and the two related perpendicular magnetic field components B⊥1 and B⊥2 =
B⊥1 × B||, where Z* denotes the complex conjugate of Z. This equation is a result of taking the
electromagnetic wave definition δE · δB = 0, so that δEp2 = δEp1·δBp1δBp2 (further explanation is found
in appendix B.2). While S†|| will not provide us an absolute measurement of S||, the directionality
of the Poynting Flux along the background field will be preserved.
5.3 Spatial/Temporal Distribution
During the period of observation we compiled a catalog of wave events consisting of over 1630
hours of EMIC wave activity, of which 291 exhibited clear pearl-type modulation. EMIC wave
observations were recorded by visual inspection of magnetic field spectrograms using the spin-
axis direction (Bw) of the spacecraft coordinate system, which always points generally across the
direction of the background magnetic field due to the low orbital inclination of the spacecraft and
has the added benefit of avoiding any doppler-shifting of the observed wave frequency. The spectral
characteristics of the wave were used to identify pearl structure, and the waves were categorized
by ion species according to the wave frequency relative to local ion gyrofrequencies. Additionally,
we recorded the spacecraft location relative to the plasmapause using the upper hybrid resonance–
derived density profile, as well whether both spacecraft observed the event.
The wave events classified here as Pc1 pearl pulsations are those that exhibited a very clear
periodicity in their temporal modulation. These were identified through visual inspection of spectro-
grams, with a minimum of 4 distinct periodic packets required for classification as pearl pulsations.
It is our goal to define the conditions that lead to the clearest examples of structured wave growth,
and so classified any quasiperiodic or stochastically-modulated wave events as unstructured EMIC
waves. An example of how wave events were selected can be seen in Figure 5-2. In the following
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Figure 5-2: Spectrogram plot from 2013-05-24 showing data from Van Allen Probe-A (top) and -B (bottom).
The H+, He+, and O+ gyrofrequency lines are overplotted in white, green, and orange respectively. Selected
ranges of time and frequency demonstrating EMIC wave activity are outlined in red.
sections we will present and discuss the differences observed between observed pearl pulsation and
unstructured EMIC wave events when assimilated into statistical overviews.
5.3.1 Spatial Distribution
In order to examine the spatial distributions of wave events, both in occurrence and wave power, we
identified the spacecraft location during each minute of wave activity observation. In the dial plots
shown in Figure 5-3, both this property as well as the total magnetic wave power measurement
integrated over the individual events’ frequency ranges has been normalized to the total dwell time
of the spacecraft in each spatial bin (as is shown in Figure 5-1). In this way we have plotted the
contribution of each wave type to both occurrence probability and average wave power over regions
of the inner magnetosphere. Since EMIC waves are expected to travel along field lines, we have
mapped the spacecraft locations at points of observation down to the magnetic equator along lines
of magnetic conjugacy according to the Tsyganenko 2004 magnetic field model [Tsyganenko and
Sitnov, 2005].
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Figure 5-3: Distributions of occurrence and integrated wave power of both unstructured EMIC waves and
Pc1 pearl pulsations in the equatorial plane with the sun at left. Wave power is taken from the spin axis
direction in the spacecraft frame of reference. All quantities have been normalized to the spacecraft coverage
during this time period.
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Pc1 pearl pulsations did not exhibit the same spatial occurrence distribution as unstructured
EMIC waves. Shown in Figure 5-3a, unstructured EMIC waves are most often observed across the
dayside of the magnetosphere. We see waves at all covered Lshells above L=2, with a concentration
at higher L between 9:00 and 18:00 MLT. This distribution is consistent with the theory of particle
anisotropy increases during magnetospheric compressions [Arnoldy et al., 2005; McCollough et al.,
2010] discussed in section 4.2.1, and is consistent with previous observations of EMIC wave activity
[Anderson et al., 1992a; Meredith et al., 2014, e.g.]. There are smaller pockets of wave activity in
the midnight sector at lower L and the near-geosynchronous pre-dawn sectors, which may be driven
by dipolarization events (as discussed in section 4.2.2). The distribution of wave power, represented
in Figure 5-3c, follows theoretical models. Unstructured EMIC wave energy is strongest across the
dusk sector, with a concentration at higher L from 13:00 to 18:00. This is consistent with the
formation of cold plasmaspheric plumes during storm times which will then overlap with warm
anisotropic ring current ions, leading to enhanced wave growth [Perraut et al., 1976].
The observed Pc1 pearl pulsations, however, are almost uniformly distributed across all local
times (Figure 5-3b). We see a subtle enhancement in activity in the late morning sector. This was
initially thought to be a product of the larger geomagnetic storms in October and November of
2012 during which the apogee of the spacecraft was located at ∼7:00 MLT, but the fact that the
Van Allen probes have precessed orbitally to resample this region during their mission and observed
similar occurrences implies that this may be a region of significance. [Saikin et al., 2016] recorded a
similar enhancement of EMIC wave activity observed during geomagnetically quiet periods, which
would corroborate our finding of increased pearl pulsation occurrence during quiet periods discussed
in section 5.3.2.1.
The enhancement of pearl pulsation in the late morning sector could possibly corroborate the
previously held generation theories discussed in section 4.3.1. This region at geostationary orbit
(just outside of the Van Allen Probe coverage range) has also been shown to be a concentration
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of azimuthally-polarized standing Pc5 waves [Takahashi and Mcpherron, 1984; Kokubun, 1985;
Anderson, 1993], and it has been implied that the late morning and pre-noon sectors are most
favorable to pearl generation according to the BWP method by Mazur and Potapov [1983] due to
the sharper density gradient of the plasmapause at this location. Additionally, Yu et al. [2015]
have suggested the late dayside region is conducive to EMIC wave growth due to the overlap of the
O+ torus with lower-energy (several keV) ions traveling eastward under the convective electric field
drift. By this model, freshly-injected anisotropic keV ions will travel sunward across the dawn side
of the magnetosphere, where the presence of the cold heavy O+ torus with high plasma density
lowers the resonant energy of wave-generating ions. In Figure 5-3d we can see that wave power
distribution is relatively uniform in MLT.
Recall that from the simple argument that particles with pitch angles closer to 90◦ are more
likely to be found centered at the magnetic equator, so that is where we would expect to see the
largest temperature anisotropy-driven EMIC wave growth. In Figure 5-4 we can see that we do see
a small tendency for unstructured EMIC waves to be observed at lower latitudes, but that pearl
pulsation events were distributed relatively evenly across the covered range (though the second
panel showing observations normalized to spacecraft dwell time suggests a higher occurrence away
from the equator). The occurrence of events demonstrating oscillating wave packets, as described
in section 5.4.1, is sharply peaked around the magnetic equator.
Previous studies on the nature of pearl pulsations have theorized that the region of the plasma-
spheric boundary should encourage wave growth due to the enhanced cold plasma density gradient
[Mazur and Potapov, 1983]. Additionally, Glangeaud and Lacoume [1971] claimed that the den-
sity gradient at the plasmapause would act to guide a bouncing wave packet. More recently, ray
tracing studies performed by De Soria-Santacruz et al. [2013] have shown that in fact negative
density gradients act to guide and focus EMIC wave activity. However, our measurements of wave
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Figure 5-4: The distribution of wave activity observations across magnetic latitudes (MLat), where the
left panel shows raw wave duration percentage, and the right panel shows the same results normalized to
spacecraft dwell time over MLat and L. The black dashed line represents unstructured EMIC waves, while
the red solid line represents Pc1 pearl pulsations. The unstructured waves demonstrate a tendency to occur
at lower latitudes, while Pc1 pearl pulsations are observed relatively uniformly across MLat. The blue dotted
line represents those events identified in table 5.1 as periodically oscillating wave packets. Their occurrence
is sharply peaked around the magnetic equator.
activity occurrences relative to plasma boundaries (discussed later in section 6.2.3) has shown that
the electron plasmapause is not the only plasma surface which affects wave generation.
The spatial extent of EMIC wave activity has often been described as narrow radially but large
in azimuth [Engebretson, 2002; Usanova et al., 2008; Paulson et al., 2014, e.g.]. In Figure 5-5 we
can see that pearl pulsations tend to span a larger range in MLT than unstructured EMIC waves,
with a maximum occurrence at 0.4 hours versus 0.1 hours, but also larger across L (0.3 versus
0.1) as seen in the second panel. There is little difference between the magnetic latitude ranges
covered by each type of wave (third panel). It is important to note that during periods where the
wave observation is shortened due to rapid motion of the spacecraft through the active region the
modulated structure would be difficult to discern, possibly contributing to the larger percentage
of unstructured events in a narrow radial and latitudinal range. In order to minimize this effect,
Figure 5-5 depicts only those wave events that were observed for more than 15 minutes.
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Figure 5-5: Percentages of wave events observed to span different spatial extents in
magnetic ephemeris coordinates, depicted from top to bottom as MLT, L, and MLat.
Grey indicates unstructured EMIC waves, while red represents Pc1 pearl pulsations.
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Figure 5-6: Percentages of wave events observed by both space-
craft at different temporal separations. Grey indicates unstruc-
tured EMIC waves, while red represents Pc1 pearl pulsations.
5.3.2 Temporal Distribution
We have used events observed by both spacecraft in conjunction with the probe separation in order
to examine the temporal persistence of wave activity regions, but have found no clear trend in
either data set (as shown in Figure 5-6). If there were a clear maximum amount of time over
which a region can actively produce wave activity, we would expect a cutoff of observations past
those temporal spacecraft separations. The lack of any obvious cutoff implies that wave generation
regions may persist for longer than the maximum spacecraft separation of 270 minutes, but could
be due in part to low statistics. In a more detailed examination of the Van Allen Probes EMIC wave
dataset, Blum et al. [2017] also found that active wave regions lasted for multiple hours, but that
these longer-duration events were more likely to occur across the nightside and in the He+-band.
That work also found that simultaneous observations of EMIC wave activity by both spacecraft
was most often limited to a maximum separation of 0.5Re, but there have been observations by




For modeling efforts of the geomagnetic response to solar wind inputs to be accurate, the occur-
rence of responses such as EMIC waves relative to storm activity indices is of utmost importance.
Short of constructing a realistic particle-in-cell model of the entire magnetosphere, the best cur-
rent models employed for the prediction of the magnetospheric response reduces wave activity to
various diffusion parameters which vary in time and space according to total activity. In order to
assist this effort, we have examined the occurrence of EMIC wave activity for both unstructured
waves and pearl pulsations. We find that these two wave populations are not observed during the
same phases of storm activity, and so propose that these modes should be considered separately in
magnetospheric models to most accurately predict their net effect on particle populations.
Figure 5-7 shows the occurrence of both structured and unstructured waves relative to the differ-
ent phases of geomagnetic storms. Storms were identified as achieving a minimum Dst threshhold
of -50 nT and split into four categories: onset, main phase, early recovery, and late recovery, where
the two recovery phases were separated by the abrupt change in slope of the Dst measurement.
Approximately half of all observed wave activity occurred within these identified storm periods2.
While unstructured wave occurrences peak during the main phase into the early recovery period (as
was found in the CRRES mission by Halford et al. [2010]) Pc1 pearl pulsations occur most often in
the late recovery period (58% of those events observed during identified storm phases). The occur-
rence of the periodically reflecting events identified in section 5.4.1 are further exaggerated, with
none of these events observed during the main phase, and of those observed during identified storm
phases, 89% were seen during the late recovery period. This finding is similar to that presented
by Kerttula et al. [2001] using ground-based data (see Figure 5-8 where the top panel most closely
2The restriction of the remaining half of EMIC wave activity to so-called “quiet” periods is also of interest to the
modeling community, but has not been examined in depth for this work. A portion of this wave activity may be
generated through dayside compressions (see section 4.2.1) insufficient to trigger a geomagnetic storm, but as discussed
in chapter 6, there may be other wave interactions that lead to EMIC wave activity in the inner magnetosphere.
Regardless of the driver, these waves will still resonate with local plasma populations to redistribute energy and
scatter particles into the atmosphere.
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Figure 5-7: Distribution of wave events during each phase of geomagnetic
storms. The dashed black line represents unstructured EMIC waves, the
solid red line represents Pc1 pearl pulsations, and the dotted blue line rep-
resents the reflecting wave packets listed in Table 5.1. The lower panel shows
how each phase was defined.
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Figure 5-8: Occurrence probability of structured (pearl pulsations) and un-
structured EMIC wave activity as a function of days since minimum DST
from Kerttula et al. [2001]. The top panel shows wave events recorded at
Sodankylä (closest to Van Allen Probes observations at L≃ 5.1) while the
bottom panel shows wave events recorded at Nurmijärvi (at L≃ 3.3).
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represents the Lshell sampled by the Van Allen Probes), but the authors of that article came to
the conclusion that this effect must be a result of changes in ionospheric propagation. Our in situ
observations of the same behavior demonstrate that this may in fact not be the case, but that there
is instead a mechanism present toward the end of geomagnetic storms which encourages the growth
of EMIC waves with pearl structure. This period also coincides with the time at which we would
expect the plasmasphere to refill with heavy thermospheric ions, possibly leading to creation of a
heavy ion torus. The formation of a torus of average ion mass M = 4.5￿-8 amu has been recorded
in the late morning sector straddling the plasmapause by Nosé et al. [2015].
Comparison of wave observations with other storm indices, such as Kp and AE, show that pearl
pulsations are preferentially observed during periods of lower geomagnetic activity, while unstruc-
tured EMIC waves are observed across a range of values. We can see from Figure 5-9 that pearl
pulsations as well as the subset of waves demonstrating reflecting packets have an occurrence peak
at a Kp of 1, with few observations made at highter Kp, while the occurrence of unstructured EMIC
waves peaks at Kp=3-4. There appears to be very little dependence of wave activity on AE, but
this index is variable on a high time scale (10s of minutes) and is an indicator of substorm injec-
tions. While these injections are thought to be one of the main sources of energy that drive EMIC
waves, the timescale for these freshly-injected particles to drift around to the dusk and dayside of
the magnetosphere where we find the greatest wave growth will be on the order of several hours.
5.4 Properties
In addition to the differences in spatial and temporal occurrences between unstructured EMIC
wave sand pearl pulsations, we have found several properties unique to pearl pulsations that further
differentiate them from the greater EMIC wave population. Some of these properties have strong
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Figure 5-9: Distribution of wave activity with respect to Kp and AE
indices; indicators of global geomagnetic disturbance and substorm
activity respectively. The dashed black line represents unstructured
EMIC waves, the solid red line represents Pc1 pearl pulsations, and
the dotted blue line represents the reflecting wave packets listed in
Table 5.1.
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repercussions for previously held generation theories and any future proposed mechanisms must
provide for these qualities.
5.4.1 Reflecting Packets
Within the wave catalog, a set of 29 observed wave events listed in Table 5.1 display periodically
alternating Poynting Flux along the background magnetic field, as demonstrated by the event
recorded by Van Allen Probe-A on the 26th of August 2015 in Figure 5-10. The direction of
the Poynting Flux propagation relative to the background magnetic field is defined as in (5.4)
following the calculations described in section B.2. As can be seen, each successive pearl element,
represented by a peak in Poynting flux, moves in a direction along the magnetic field opposite to
that of the preceding element. In this plot, red denotes propagation towards the poles, while blue
denotes propagation towards the magnetic equator. These observations would imply a reflecting
wave packet or perhaps periodic movement of the source region with respect to the spacecraft. The
latter is unlikely given the latitudinal distance covered by the spacecraft during each observation,
such that the source region would need to shift by several degrees in magnetic latitude with each
period. Additionally, no significant wave activity in the Pc4-5 range needed to drive this motion is
observed during these events in either the electric or magnetic field data.
The idea of ionospherically reflecting wave packets has been discredited by several authors due
to observations of unidirectional Poynting flux as well as conjugate measurements of the bounce
period in situ and on the ground. For this theory to be viable in light of the Van Allen Probes
wave catalog, the returning packets would need to have a low enough amplitude outside of the
growth region as to be undetectable by the spacecraft. For our current set of events, this maximum
resolution would amount to an amplitude of 0.125 nT during typical operation of the magnetometer,
and 30 µV/m for the probe electric field data. If we were to consider this situation as plausible,
the observations in Table 5.1 would constitute observations of the growth region over which these
111
Figure 5-10: Example of alternating Poynting Flux observed by Van Allen Probe-A on 26th
August 2015. The top panel shows the waveform in both the field-aligned parallel (blue) and
quasi-azimuthal perpendicular (black) directions. Shown in the second panel is the total integrated
Poynting flux over the active frequency range. The bottom panel displays the angle with respect
to the background field of the Poynting flux measurement at the weighted average frequency for
each time stamp, where red indicates poleward flux and blue indicates equatorward flux.
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returning wave packets are reamplified. However, as we can see in the top panel of Figure 5-10,
the returning and reamplified wave packets do not maintain their structure (as was also seen using
conjugate ground stations in Figure 4-7). We will see in section 5.4.3 that we would expect little
to no change in the spectral structure of each wave packet as it travels from the in situ point
of observation to a conjugate ground station. A similar observation of an event demonstrating
bidirectional Poynting flux was recorded using CRRES spacecraft data by Loto’aniu [2005], and
while they remarked on the similarity of this event to the bouncing wave packet (BWP) model,
they also asserted the inability of this model to explain the unidirectional propagation observed
within the bulk of their dataset.
A third possibility is that these observations constitute a very narrow equatorial region where
pearl element reflection can occur. This would satisfy the ion cyclotron resonator hypothesis,
wherein a heavy ion torus generated in the inner magnetosphere creates a region bounded by a
frequency space opaque to EMIC wave travel [Guglielmi and Potapov, 2012]. This becomes a
resonator for standing waves in the Pc1 frequency range which can manifest as oscillating wave
packets when observed at some displacement from the equator (see section 4.3.1.3). The size
of this resonator as predicted by Guglielmi et al. [2000] using data from the ISEE-1 satellite is
only extended to several degrees from the equator, which would coincide with the majority of the
observations listed in Table 5.1.
These events span nearly the full range in MLT, and, as can be seen in Figure 5-4, 28 of
the 29 events occur within ±6.5◦ magnetic latitude, with the extraneous event observed at 12.7◦.
Similarly, they comprise the outer range of our observations in L, ranging from L=4-6, with two
events observed at L=2.5 and L=2.3. There is no clear trend in wave observation with respect
to the plasmapause, with a roughly equal number of events observed inside, outside, and on the
plasmasphere boundary as defined by the density trend derived from the upper hybrid frequency.
Examples of pearl pulsations observed at these three locations are demonstrated in Figure 5-11.
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Table 5.1: Wave Events with Periodically Oscillating Poynting Flux
Start Time End Time Spacecraft Frequency Range Avg. MLAT Avg. L(UTC) (UTC) (Hz) (degrees)
2012-10-05 14:41 2012-10-05 15:02 A 1.27 - 1.76 -0.03 3.95
2012-10-16 16:53 2012-10-16 17:04 B 2.2 - 2.65 -3.55 4.24
2012-10-16 20:55 2012-10-16 21:16 A 0.81 - 1.09 -5.58 2.33
2012-10-17 10:53 2012-10-17 11:15 B 0.5 - 1.3 -2.25 4.27
2013-05-30 13:39 2013-05-30 14:01 B 0.67 - 0.76 -3.67 5.00
2013-07-01 16:12 2013-07-01 17:30 B 0.32 - 0.67 -0.02 5.49
2013-07-17 11:13 2013-07-17 11:49 A 0.57 - 0.9 -0.35 4.80
2013-10-11 09:52 2013-10-11 10:04 B 0.55 - 0.68 4.53 2.48
2013-10-11 11:10 2013-10-11 12:05 B 0.45 - 0.75 -3.39 5.01
2013-10-11 12:14 2013-10-11 12:57 A 0.55 - 0.81 -2.13 5.00
2013-11-09 01:24 2013-11-09 01:40 A 0.43 - 0.55 -1.85 5.96
2013-11-12 23:22 2013-11-13 00:26 B 0.45 - 0.7 0.53 5.83
2013-12-12 15:08 2013-12-12 16:23 A 0.38 - 0.68 -0.91 5.29
2014-02-13 12:51 2014-02-13 13:26 B 0.67 - 0.89 -6.43 5.01
2014-02-24 16:49 2014-02-24 17:52 A 0.3 - 0.74 -0.13 5.14
2014-03-01 00:15 2014-03-01 00:23 A 2.8 - 3.6 0.71 4.26
2014-03-03 14:51 2014-03-03 15:17 A 0.95 - 1.38 2.55 4.57
2014-04-20 08:57 2014-04-20 09:23 B 0.62 - 0.78 -0.69 4.92
2014-05-13 06:54 2014-05-13 07:06 B 0.53 - 0.74 -0.48 5.42
2014-05-13 07:02 2014-05-13 07:32 A 0.46 - 0.87 0.49 5.10
2014-07-14 14:36 2014-07-14 16:24 A 0.8 - 1.9 12.71 5.22
2014-08-24 01:58 2014-08-24 03:28 A 0.26 - 0.38 3.40 5.75
2014-08-25 01:15 2014-08-25 02:29 B 0.39 - 0.54 2.26 5.70
2015-06-28 14:10 2015-06-28 15:07 B 0.9 - 1.6 -2.73 3.90
2015-07-15 13:26 2015-07-15 14:03 A 0.56 - 0.81 -0.22 5.02
2015-07-26 06:11 2015-07-26 06:45 A 0.43 - 0.74 -2.23 5.40
2015-07-26 08:46 2015-07-26 09:17 A 0.34 - 0.64 -0.05 5.89
2015-08-21 10:12 2015-08-21 10:45 B 0.64 - 1.1 -0.30 4.76
2015-08-26 06:14 2015-08-26 06:24 A 0.94 - 1.25 -3.12 4.11
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Figure 5-11: Examples of pearl pulsation wave events categorized as being
observed inside (top panel), on (middle panel), and outside (bottom panel)
of the plasmapause boundary. The plasmapause is defined by the gradient
in the electron density given by the magenta line.
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5.4.2 Constant Frequency
We have found consistent differences between the excitation frequency dependence of structured
and unstructured waves. Typically, EMIC waves observed in the magnetosphere over a broad
spatial region will exhibit a mean excitation frequency which varies in relation to the local ion
gyrofrequency (and by extension, the dimensionless parameter L), consistent with the Cornwall
[1965] prediction of the cyclotron instability frequency of ω ∼ (vA/v)Ω ∼ L−9/2.This behavior can
been seen in the example shown in Figure 4-4b. Here the spacecraft has crossed from L=4.6 to
L=5.6, and we can see that the wave activity follows the same path in frequency space as the He+
gyrofrequency line. The pearl pulsation event however, seen in Figure 4-4a, crosses a similar range
in L from L=4.1 to L=5.5 and yet the central frequency remains nearly constant at 1.15Hz. This
behavior is commonly observed in our dataset, and while wave power is cut off at the appropriate
frequency stop bands, pearl pulsation events often appear as a monochromatic band of activity.
The excitation frequency of a wave event will be cut off at the lower range by the opaqueness
band defined by the frequency space between the jth ion cyclotron frequency ωcj = qBmj and the
bi-ion frequency ωBi = ωcj(1 + η)/(1 + ηµ) for η = ρj/ρi and µ = (miqj)/(mjqi) where ion masses
mj > mi (see section 4.1.2 for further explanation). It is possible for the composition ratio η to
decrease over a range of increasing L to compensate exactly for the increase in B such that this
lower frequency cutoff ωBi is constant. However, it is extremely unlikely for this scenario to occur
so consistently.
A linear fit of the the mean excitation frequency (normalized to the respective ion gyrofre-
quency) of each wave event was calculated as a function of L (examples for the pearl pulsation
and unstructured EMIC wave vent depicted in Figure 4-4 can be see in Figure 5-12). If the wave
frequency was directly proportional to the ion gyrofrequency, we would expect the slope of this
linear fit to be zero. Conversely, we would expect a positive nonzero value for a wave with a con-
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Figure 5-12: Linear fits to the normalized mean frequency as a function of L for the example pearl
pulsation and unstructured EMIC wave events from Figure 4-4.
stant central frequency independent of L. The exact value of this parameter will depend upon the
position within the magnetosphere as well as the speed of the spacecraft across L.
The aggregation of these slopes is visible in Figure 5-13, where we see that the normalized slope
of unstructured waves is centered at 0.17, while the average normalized slope for pearl pulsations
is 0.47. This tendency for pearl pulsations to exhibit an excitation frequency independent of the
ion gyrofrequency implies a larger-scale driver than a localized particle instability. Examination
of the transverse and compressional wave power measurements reveals that a majority (65% of
unstructured EMIC waves and 62% of pearl pulsations) of observed wave activity demonstrates a
transverse/compressional ratio >0.8. This implies that these waves do not propagate across field
lines from other generation regions, but obey the field-aligned behavior predicted by theory. The
fact that both pearl pulsations and unstructured EMIC waves display the same behavior with
respect to this quantity further supports the idea that any oblique propagation effects do not
define the observed modulation, and that these are generally well-behaved ion cyclotron waves.
Any obliquely-propagating signatures (such as described in section 6.2) are not resolvable with our
instrument.
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Figure 5-13: Slopes of linear fit calculated from normalized mean
frequency as a function of L for each wave event. Unstructured
EMIC waves are shown in grey, while Pc1 pearl pulsations are
shown in red.
5.4.3 Magnetically Conjugate Observations
As mentioned in section 5.1.3, magnetically conjugate observations can be critical to understand-
ing the evolution of a wave event from its source to its impact with the ionosphere. Comparing
observations between two sites connected by the same field line allows us to measure any frequency
dispersion induced by the travel of wave packets through a plasma. Additionally, ground obser-
vatories constitute a nearly fixed observer rotating slowly in azimuth allowing us to sample large
spans in longitude for a given Lshell. This can serve as a welcome contrast to spacecraft missions
in elliptical orbits which will often traverse quickly through active regions.
5.4.3.1 Spatial Structure
One of the first conjunction events observed by the Van Allen Probes mission occurred within the
first two days of the spacecraft commissioning phase. From 06:00 to 16:00 UT, the Halley Research
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Figure 5-14: Magnetic footpoint locations from Van Allen Probes A (red)
and B (blue) projected onto a map of Earth’s surface. The location of Halley
Research station (HAL) is indicated by the green star, and the portions of
the orbit where each spacecraft observed EMIC wave activity are highlighted
in magenta. The orange contour provides the IGRF approximation of L.
a frequency band between 0.2 and 0.7Hz. During this time, the magnetic footpoints of both Van
Allen Probes A and B came within several degrees of HAL (see Figure 5-14).
In Figure 5-15 we show the spectrograms of wave activity observed at HAL (top panel) and
Van Allen Probes A (middle panel) and B (bottom panel). The H+ and O+ gyrofrequency lines
are overplotted on the spacecraft spectrograms in white, and change with the changing strength of
the background magnetic field across the satellites’ orbit. This was an exceptional wave event for
its long duration observed by HAL (∼11 hours) perhaps implying a long-lived source region slowly
drifting over the observatory with Earth’s rotation. The Van Allen Probes observe the same spectral
characteristics, including the frequency slope and modulation between individual pearl elements.
However, the spacecraft do not observe the wave event continuously, but appear to move in and out
of the active region throughout their orbit. This piecewise observation further exemplifies the thin
radial and large azimuthal spread of EMIC generation regions described in section 5.3.1, as well






Figure 5-15: Conjugate observations between both Van Allen Probes spacecraft and Halley station.
frequency of the wave activity on Probe-A from 11:00 to 13:30 UT across > 2 L) described in
section 5.4.2.
The constant band of wave activity independent of Lshell is particularly evident in this example,
and there is a visible drop in wave power as the wave activity crosses underneath the O+ gyrofre-
quency lines. This behavior could indicate a transition into a region where wave power has tunneled
across the space opaque to left-hand polarized waves through a coupling to the right-handed (and
unguided) wave mode. In Figure 5-16 we examine the polarization parameters for this event as
observed by Van Allen Probe-B. The most significant finding for this result is that the vast majority
of wave activity is left-hand circularly polarized, as is expected for EMIC waves, but that the por-
tion of wave activity from 13:50 to 14:45 UT at frequencies below the O+ gyrofrequency line have
crossed over into right-handedness. This transition occurs within 3◦ of the magnetic equator, so
rather than a propagating wave packet tunneling through the frequency barrier induced at higher
latitudes, this is wave energy in the right-handed mode propagating away from the source region
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Figure 5-16: Polarization analysis performed on Van Allen Probe-B obser-
vations of the pearl pulsation event on 2012-09-10.
at larger L. Unfortunately, there is no electric field data at this point in the mission with which to
analyze the propagation direction.
5.4.3.2 Modulation Consistency
On 11 November, 2012, the northern magnetic footpoints of field lines threading the Van Allen
Probes passed nearby the Hornsund observatory (HOR) on the island of Svalbard (see Figure 5-
17). HOR observed a pearl pulsation event of regular periodicity within a frequency band between
0.5 and 0.8Hz over the course of 3 hours, and a portion of the same event was observed in situ by
Van Allen Probe-B. The position of the spacecraft does not provide ideal magnetic conjugacy, but
we would expect wave activity to be ducted across the ionosphere preferentially in the poleward
direction [Kim et al., 2010].
In Figure 5-18 we can very clearly see the same spectral signatures in both observations; and as
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Figure 5-17: Magnetic footpoint in northern hemisphere of Van Allen Probe-
B (blue). The Hornsund (HOR) observatory is marked by the green star,
and the portions of the orbit where the spacecraft observed EMIC wave
activity are highlighted in magenta. The orange contour provides the IGRF
approximation of L.
with the previous event, the wave amplitudes appear to be consistent and there appears to be no
frequency dispersion between the magnetospheric and ground observations. This is evident in the
similarity of frequency sweep rate between the two sites. Mursula et al. [2001] have made similar
conjunction observations between ground stations and the Polar spacecraft, also noting the lack of
any frequency dispersion between the two observations.
In Figure 5-19 we show the average wave power over a frequency range from 0.6 to 0.8Hz
using both the spacecraft (black) and ground(red) data. Both the Van Allen Probe and HOR
measurements show a ∼130 second wave element spacing period. This one-to-one relationship
between pearl modulation seen in space and on the ground contradicts the basis of the BWP
theory, in which we would expect to see both the HOR-bound and returning pearl elements at Van
Allen Probe-B. There is still the possibility that any returning packet has such a low coefficient of
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Figure 5-18: The top and middle panels show the wave power spectrogram observed
by the Hornsund (HOR) observatory and Van Allen Probe-B respectively. The bottom
panel shows the ellipticity of the wave.
123
Figure 5-19: Integrated wave power over 0.6-0.8Hz for both the Van Allen
Probe-B (black) and HOR (red) observations. There is an average lag of
∼42 seconds between each set of peaks.
reflectivity that the signal cannot be detected by the spacecraft magnetometer, but the coefficient
necessary for this to occur across all observed would be extremely small (see section 6.1.1).
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Chapter 6
Analysis of Previous generation
mechanisms and Current Proposal
6.1 Previous Proposed Mechanisms
The three most commonly proposed mechanisms which have been employed to explain the gener-
ation of pearl pulsations are described in detail in section 4.3.1. These mechanisms have evolved
over time to account for updated measurements, and the idea of the bouncing wave packet has
largely been ignored in more recent literature due to its inability to explain routine observations of
poleward wave propagation. We will discuss how our observations further add to the complications
plaguing these generation mechanisms.
6.1.1 Bouncing Wave Packet
The bouncing wave packet (BWP) model suggests an individual pearl element is generated in the
wave source region near the equator, and propagates along the field line to the ionospheric boundary
where it is reflected towards the opposite ionosphere, repeating this process (see section 4.3.1.1).
Some energy is lost at this reflection, but as the element passes through the active growth region
it is reamplified. The fact that we do not regularly see packets returning from the ionospheric
boundary in our compiled wave list implies that if the BWP model is the method of generation
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of pearl pulsations, the energy of the returning wave packet must lie below the Van Allen Probe
instrumental noise resolution of 0.125 nT. We have recorded cases in which we saw alternating
Poynting Flux orientations for subsequent wave packets but as can be seen from table 5.1, these
events make up a small portion (∼5.8%) of the hundreds of identified pearl pulsation events (ta-
ble C.1). Operating under the assumption that the BWP theory could account for the generation of
unidirectionally-propagating pearl pulsations, we can calculate an upper limit for the reflection co-
efficient of individual pearl pulsation events in which we do not see returning packets by comparing
the observed wave amplitude to the maximum measurable noise floor.
The largest wave amplitude of a pearl pulsation event without returning packets observed by the
Van Allen Probes during the period of this survey occurred on 25th July 2013 with a peak-to-peak
wave amplitude of 16.4 nT. The wave power and Poynting flux for this event can be see in Figure 6-
1. The Poynting Flux for each pearl element is consistently directed in the θ ≃ 0 direction, which
for MLat > 0 corresponds to poleward propagation. Taking the instrument noise floor of 0.125 nT
as the minimum detectable wave amplitude for a returning packet, this translates into a maximum
possible ionospheric reflection coefficient of R = 0.12516.4 = 0.76%, which is a considerable decrease
from the 10-20% maximum derived similarly from a Viking observation by Erlandson et al. [1992].
A bouncing wave packet would also be expected to undergo dispersion as it propagated through the
background plasma, resulting in an ever-increasingly sloped wave packet in frequency-time space,
as predicted by Obayashi [1965]. This behavior is not observed in our dataset, and instead we often
see homogeneous repeating elements as in Figure 4-4a.
More importantly, the bounce period for a reflecting wave packet is dependent on the length
of the field line and the velocity at which the pearl element travels. We would expect the bounce
period to increase as the spacecraft observes wave events at larger L values where the distance
between the ionospheric boundaries along the field lines is longer. The double-hop time for a
traveling wave packet at the mean frequency shown by the event in Figure 4-4a derived from the
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Figure 6-1: Pearl pulsation event observed by Van Allen Probe A on 2013-07-25. The
top panel shows the parallel (green) and one of the perpendicular (black) magnetic field
components in field-aligned coordinates. The middle panel shows the contribution of
the perpendicular components to the fft wave power, and the bottom panel shows the
directionality of the Poynting Flux relative to the background magnetic field direction.
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group velocity of left-hand polarized waves is shown in Figure 6-2. For this analysis we have used a
simple dipole approximation of the field (a good approximation for the inner magnetosphere where
this event is observed) to apply the expression from Obayashi [1965] given by (4.20).
This calculation is performed for two cases, one in which the average ion mass M along the
field line is 1, implying a pure hydrogen environment, and one in which M = 4, implying a mixture
with heavier ion species. We have overplotted the observed element repetition frequency in red,
where each point represents the reciprocal of the time difference between subsequent peaks in wave
power at the mean frequency. We can see that the calculated repetition frequency falls off with
L−5/2, while the observed modulation frequency remains constant at ∼11mHz. The independence
of both the excitation frequency and modulation period does preserve the relationship of τf ≃ 100
that has previously been observed by Kangas et al. [1998]. However, those authors had originally
come to this value through ground-based observations and assumed an inverse relationship between
the repetition period τ and L across invariant latitudes. Our finding here of a constant τ across
L contradicts this idea and cannot be explained through the typical description by the BWP
mechanism.
6.1.2 ULF Modulation
The ULF modulation theory proposes that ion properties, such as the temperature anisotropy
and/or cold plasma density, can be modulated by Pc4-5 range Alfvén waves such as field line reso-
nances (see section 4.3.1.2). This would drive a periodic cyclotron instability through modulation
of source parameters such as cold plasma density and resonant ion anisotropy on the order of the
typical pearl repetition period. The exact frequency of such a field line resonance (FLR) varies not
only with L, but also with the mass loading on that field line by heavy ions. Due to the effect of
spacecraft charging from photoelectron emission, lower-energy ions are excluded from the HOPE
instrument, the cold ion detection apparatus on board the Van Allen Probes. However, observa-
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Figure 6-2: Modulation frequency of Pc1 pearl pulsation event ob-
served by Van Allen Probe-A on 12-10-2014 shown in Figure 4-4a.
The solid and dashed lines represent the repetition frequency for pearl
pulsations predicted by the bouncing wave packet theory for an average
ion mass of 1 and 4 amu, respectively, according to the group velocity
predictions for the observed mean frequency. The red points represent
the actual observed repetition frequency between pearl elements.
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tions of the formation of a heavy ion torus in the magnetosphere, such as documented by Nosé
et al. [2015], show this transient region to be relatively constant in average ion mass across Lshells.
As such, we would expect to see little variation in the plasma density value ρ across this region.
Toroidal field line resonances can be driven by broadband external disturbances, but by def-
inition will resonate in a narrow monochromatic band at each value of L. We can calculate the
oscillation period of this resonance from τ = ∫ dsVA over a field line of length s for an Alfvén velocity
VA = B/
√
4piρ. By taking ρ to be constant or slowly varying over the region of interest, we see
that VA will be proportional to the magnetic field strength. To first order, as per Cummings et al.
[1969] we can see that the field line eigenfrequency in the inner magnetosphere will be a function
of B, and so a function of L−3. Again, comparing this L-dependence to the recorded repetition
frequency in Figure 6-2, we see that field line resonance fluctuations cannot sufficiently explain
our observations. Additionally, we did not observe any consistent presence of Pc4-5 fluctuations
simultaneously with pearl pulsations, nor did we consistently see a lack of power at those frequency
bands during observations of unstructured EMIC waves. Without the consistent simultaneous ob-
servation of Pc4-5 wave power and pearl pulsations (or conspicuous lack of Pc4-5 activity during
unstructured EMIC weave observations) we cannot conclude that Pc4-5 power is necessary for the
temporal modulation of EMIC wave power observed in pearl pulsations.
6.1.3 Ion Cyclotron Resonator
The ion cyclotron resonator (ICR) theory is based upon the formation of a heavy ion torus centered
around the equator (see section 4.3.1.3). At the poleward boundaries of this torus there would exist
sufficiently thick opaque boundaries creating a resonator for standing waves in the Pc1-2 frequency
range. The multiple harmonics of these standing waves can appear as wave packets oscillating
along the field lines. Of course, this theory describes the formation of a resonating cavity, and so
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only amplifies wave energy that may already exist or enter this region (possibly from another wave
source but perhaps simply from stochastic thermal fluctuations).
The ICR theory predicts mode conversion at lower latitudes (∼10◦-20◦), and possibly could
explain the polarization conversion on 10 September 2012 at 3.3◦ magnetic latitude recorded in
Figure 5-16. The right hand polarized portion of wave activity did exhibit lower wave power
compared to the left-hand polarized portion, as would be predicted by a tunneling mechanism. We
do not, however, see a significant difference in wave power between those events listed in Table 5.1
and the pearl pulsation events in the greater dataset. There will be a drop in the wave power
across the tunneling boundary expressed by the transmission coefficient, and so we would expect
to consistently see lower wave power in unidirectionally poleward-propagating events which would
have crossed this supposed barrier.
The narrow equatorial region of reflection stipulated by the ion cyclotron resonator theory
could account for the equatorial confinement of the reflecting wave packets in Table 5.1. The
reflecting packets predicted by this theory would not undergo any frequency dispersion throughout
multiple hops of the wave packet, which we also do not observe in the frequency structure of
our dataset1. The defining feature of pearl pulsations generated through this mechanism is the
existence of discrete standing wave frequencies within each wave packet. These would be visible as
a modulation in frequency space of the individual pearl element.
We can analyze individual wave events demonstrating this oscillatory behavior for substructures
within pearl elements and determine the ion composition satisfying the ICR-derived harmonic
frequencies. If we closely examine the second wave event listed in Table 5.1 observed on 16 October
2012 by Van Allen Probe-B (shown in detail in Figure 6-3), we can see three distinct peaks in the
rising tone element at ∼17:00UT (shown in the inset at top right). These occur at 2.32, 2.40, and
2.48Hz, for an average spacing of 80mHz. Guglielmi et al. [2000] have predicted this frequency
1We will analyze an individual instance of gradual frequency dispersion in section 6.2.2, but this event does not
demonstrate the scale of dispersion predicted by wave travel through the magnetosphere.
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Figure 6-3: Frequency structure of a pearl pulsation event observed by Van Allen Probe-B on 16 October
2012. Top left shows the magnified spectrogram using a sliding fft window of 128 seconds where the rising
pearl element is resolved as having multiple peaks in wave power. Top right shows the average wave power
over the duration of the middle pearl element around ∼17:00UT.
spacing to be determined by ∆ω = 3√2η VAr⊕L , where r⊕ is the earth’s radius. At 17:00UT, Probe-
B had just crossed through the plasmapause in the late morning sector at L=4.13 with a local
density of 150 cm−3 and magnetic field strength of |B| = 396 nT. For these parameters we find a
frequency spacing of ∆ω = 80mHz coupled with the observed repetition period of ∼84 seconds is
satisfied by an average ion mass of M=1.46 amu, which for a plasma composed only of H+ and He+
correspondes to a mix of 85%H+/15%He+. This is not an unreasonable composition ratio to find in
this region of the magnetosphere. The wave event was observed during the late recovery period of a
geomagnetic storm, and we would expect some refilling of the plasmasphere with heavier elements.
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However, the eigenfrequencies predicted by this theory are still dependent to first order on the
heavy ion cyclotron frequency, and so vary with L−3 as the spacecraft crosses through regions of
the magnetosphere (similar to the modulations expected from ULF activity above). Observations
in section 5.4.2 have shown that there is a tendency for pearl pulsations to occupy a constant band
of activity in frequency space across a range of L, a quality which is currently not satisfied by the
ion cyclotron resonator theory. For these observations to be consistent, the region of active wave
generation would have to be restricted to a very narrow radial extent, with considerable drift of
the oscillating wave packets across L, in contradiction to previous oscillation calculations [Rauch
and Roux, 1982].
6.2 Heavy Magnetosonic Resonance
Though many of the above observations correlate best with the generation conditions proposed by
the ICR theory, neither the BWP, ULF modulation, nor ICR generation mechanisms can completely
explain the observations made in this dataset. In particular, the independence of the excitation
frequency and modulation period from the changing background field across L is not addressed
by any proposed generation mechanism. This effect may imply the presence of a radially narrow
generation region with significant wave power leakage or wave packet drifting to different L shells.
Previous work by Glangeaud and Lacoume [1971] has proposed the guiding behavior of the plasma-
pause density gradient. While we did not see a strong relationship between Pc1 pearl pulsation
occurrence and the electron density gradient forming the plasmapause boundary, a similar guiding
and amplification effect may be imposed by a heavy ion density gradient.
Alternatively, pearl pulsations may not be generated through the same instability as unstruc-
tured EMIC waves, but instead could be driven by interactions between marginally unstable particle
populations and other magnetospheric wave modes. The Van Allen Probes spacecraft have recently
made observations of magnetosonic waves [Boardsen et al., 2014] displaying a temporal modulation
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on the same order of our observed pearl pulsations. Rauch and Roux [1982] have proposed that
class III ion cyclotron waves will convert to an electrostatic mode through repeated reflections, and
Feygin et al. [2007] have suggested magnetosonic dispersion for their observations of falling tone
Pc1 pulsations. Pc1 pearl pulsations could arise from magnetospheric conditions conducive to the
coupling of these other wave modes to the traditional EMIC wave mode.
While the presence of heavy ion components in the magnetosphere has been known of since
the S3-3 mission [Shelley, 1979], the effect of these ions on ULF wave growth and propagation has
more recently become a focus of study. He+ and O+ are at times found in sufficient abundance to
complicate resonance conditions. Using the statistical observations made by the Van Allen Probes,
Jahn et al. [2017] have measured the formation of the warm oxygen cloak that dominates the in-
ner magnetosphere near the plasmapause. Wave enhancements may encounter regions along their
propagation path which will become opaque to their excitation frequency or couple the energy to
other wave modes due to the formation of resonance surfaces described in section 4.1.2. Lee and Lee
[2016] examined the generation of EMIC waves through O+ bunching driven by fast magnetosonic
shocks, and Kazakov and Fülöp [2013] looked at the process of mode conversion of magnetosonic
waves to linear ion cyclotron waves at the ion-ion hybrid frequency. We propose that low frequency
magnetosonic waves can couple to the ion cyclotron wave mode when encountering the changing
refractive index generated by gradients in the relative composition of heavy ions. Given a suffi-
ciently low fundamental frequency of incident magnetosonic waves, the closely-spaced harmonics
will generate a beating pattern on the order of the modulation frequency of pearl pulsations. The
periods of constructive interference within this beating mode could couple to the ion cyclotron
mode, periodically generating EMIC wave activity through local particle resonance.
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6.2.1 Heavy Ion Magnetosonic Resonance as EMIC Driver
The magnetosonic wave mode is a plasma wave generated by hot (10s of keV) ion ring and shell
distributions. Also known as equatorial noise, this wave mode is typically linearly polarized (al-
though early observations imply a tendency towards right-handed elliptical polarization [Perraut
et al., 1982]) and propagates perpendicularly to the background magnetic field. Similar to the
anisotropy that drives EMIC waves, the unstable particle populations in ring or shell configura-
tions will most likely be concentrated near the magnetic equator. As this wave mode travels across
the field orientation, it is most often confined to the equatorial magnetosphere. It is generated at
integer multiples of the ion gyrofrequency, with a lower limit at ωci and an upper limit at the lower
hybrid frequency. They are not always excited at the fundamental frequency, but instead often
peak in power at some higher harmonic, and the bands at higher and lower frequencies fall off in
intensity gradually.
While typically this wave mode is described as occurring at multiples of the proton gyrofre-
quency, this is a hold-over from early theoretical models simplifying the magnetospheric composi-
tion to just electrons and hydrogen ions. Multiple observations have been made of equatorial noise
emissions at multiples of the oxygen gyrofrequency in the inner magnetosphere using the Akebono
spacecraft[Liu et al., 1994], as well as at the ionosphere [Parrot et al., 2016]. Liu et al. [1994]
noted these observations occurred most often in the morning sector during the period of highest
ring current energy. Observations of wave activity at multiples of the O+ gyrofrequency have also
been recorded on the Van Allen Probes [Usanova et al., 2016] and MMS [Usanova et al., 2018]
missions. Posch et al. [2015] identified magnetosonic events at very low harmonics of the H+ gy-
rofrequency, including cases at frequencies below this local gyrofrequency value. These latter events
were found inwards of the electron plasmapause boundary, and were thought to have undergone
refraction/reflection at the changing refractive surface induced by the density gradient.
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Horne and Miyoshi [2016] have used ray-tracing simulations to discuss the plausibility of mode
conversion between magnetosonic and ion cyclotron waves through the equality of dispersion sur-
faces at the crossover frequency. The authors claim that this conversion would only work for
hydrogen-band EMIC waves, but had assumed that any magnetosonic wave energy would be gen-
erated at multiples of the H+ gyrofrequency. Finite element simulations by Kim and Johnson
[2016] examine the conversion of wave energy between these two modes through several stages as
the perturbations propagate to regions where they are observed as EMIC waves in the He+ and
O+ bands.
6.2.2 Case Studies
We have observed several cases in which we see suggestions of coupling between EMIC and mag-
netosonic wave activity. For these we cannot conclusively state which wave mode first entered the
region of interest, as each of these observations are made by individual missions (the Van Allen
Probes and MMS). Ideally, we would find an event in which we see coupling between wave modes
as well as a plethora of spacecraft in close conjunction at the time of observation. It is entirely
possible that such an event has been recorded and has not yet been identified, but we have not yet
come across it in our studies.
6.2.2.1 2015-06-25 Event
During the commissioning phase of the MMS mission, the spacecraft were still in a larger sepa-
ration configuration than was typically employed later on when a tight tetrahedral formation was
intended. Shortly after launch, the satellites were aligned in a string-of-pearls configuration, mean-
ing they were separated along the orbital trajectory at much greater distances (∼300 km during the
25th June, 2015 wave event) than any separations perpendicular to this path. This configuration
provided an excellent opportunity to observe the development of active wave regions over short
periods of time as well as examine simultaneous observations across finite spatial distances.
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One such event of interest was recorded in the early morning sector of the inner magnetosphere
on 25th June, 2015. All four spacecraft observed enhancements in a succession of pearl elements
as they crossed into the plasmasphere followed by a secondary enhancement further inwards at
an L-value where the same range in frequency was equal to the local oxygen gyrofrequency. The
progression of the spacecraft encountering this first enhancement can be seen in Figure 6-4. Here
we have plotted the density derived from the spacecraft potential in white to indicate the location
of the plasmapause boundary by a stepwise increase. We can see that as each spacecraft encounters
this boundary, there is a very strong enhancement of unstructured EMIC wave power at ∼3Hz as
well as a series of pearl elements centered around 7Hz. These pearl elements are well resolved and
maintain a constant excitation frequency as well as modulation period across a range in L (as we
have seen in previous events).
It can also be seen that rather than observing the same spectral signature as each satellite crossed
the plasmapause, they each observed enhancements of a different segment of pearl pulsation activity.
If we examine simultaneous observations at each satellite, we see that each spacecraft records the
same simultaneous pearl element structure (though sometimes only weakly visible), but that these
elements are observed at different power levels. This can be seen in detail in Figure 6-5. Here we
show the waveform and spectrogram data for MMS1, MMS2, and MMS3 (MMS4 electric field data
is unavailable for this period). The red box is located in the same position (in terms of frequency
and time) in each panel and the spectral structure of the highlighted pearl element, as well as those
on either side, remains the same.
This simultaneity of observations is further examined in Figure 6-6 where we show wave power
observations from all four MMS spacecraft at two discrete frequency channels. For this plot we
use the standard MMS coloring identification, where: MMS1-black, MMS2-red, MMS3-green, and
MMS4-blue. The top panel shows the power at 7.2Hz, and the power enhancements related to
each successive pearl element are clearly visible. Once again, we can see that the pearl elements
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Figure 6-4: Spectrograms from the four MMS spacecraft on 2015-06-25 showing enhancement of wave activity
relative to the plasmapause boundary. Each panel shows the spectrogram of the BxGSE component overplot-
ted with the helium gyrofrequency (green), the oxygen gyrofrequency (orange), and the density derived from
the spacecraft potential (white). The density is shown only to demonstrate the location of the plasmapause
boundary (indicated by the rise in value, where the right side of the plot is inside the plasmasphere).
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Figure 6-5: Poynting Flux magnitude and waveform plots for three out
of four MMS spacecraft (electric field data for MMS4 was unavailable
during this period). Wave form plots show one of the perpendicular
(black) and the parallel (blue) magnetic field components. The red box
surrounds the same space in time and frequency in each of the three
panels, demonstrating the simultaneous observation of pearl elements.
The vertical red bar is an instrument artifact.
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occur simultaneously across all spacecraft (this is particularly evident at ∼11:57). The overall
power of the elements rise and fall for each spacecraft over the course of several minutes, but the
fine definition of the pulsations is constant. In the second panel we have plotted the wave power
at 3.25Hz where we can see the enhancement of unstructured EMIC activity. This structure is
not consistent across spacecraft, and is much more clearly defined in its occurrence relative to the
crossing of the plasmapause.
These observations imply that there is some nonlocal mechanism driving the structure of pearl
pulsations, which then reacts with a local region of plasma to drive wave growth. The shift in wave
power occurrence relative to the plasmapause for both the structured 7.2Hz and unstructured
3.25Hz signals implies that certain plasma parameters conducive to wave generation are enhanced
in this region. This could be due to the increase in cold plasma density, which as shown in section 4.1
is a major component to linear growth theory, or a change in hot ion components, or of course some
combination of the two. Unfortunately, during the commissioning phase of MMS (and whenever
the spacecraft travel within L=6 where we most often find pearl pulsation events), there is very
little particle instrument data available beyond basic density measurements.
We can, however, infer the source of wave energy from the wave modes and properties through
wave analysis techniques. In Figure 6-7 we have plotted the waveform data (top panel) as well
as results from Poynting Flux analysis (panels 2 and 3) and polarization (panels 4-6). This is an
enlarged view from the previous plots, and offers an opportunity to observe the constancy of the
excitation frequency band relative to the changing background magnetic field. In the second panel
we show the total Poynting Flux magnitude, and have overplotted the local helium and oxygen
gyrofrequencies. We saw earlier that the first enhancement of wave activity occurred just inside the
plasmapause boundary, but here we can see that this location is also where the upper frequency
band crossed underneath the local helium gyrofrequency. There is some wave energy flux outside of
the plasmasphere and above this frequency cutoff, but it is several orders of magnitude weaker than
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Figure 6-6: Wave power taken at specific frequency channels for the four MMS spacecraft. The top panel
shows wave power at 7.2Hz, and demonstrates the simultaneity of observation of pearl elements across
spacecraft. The bottom panel shows wave power at 3.25Hz, and demonstrates the enhancement of wave
energy as the spacecraft encounters the plasmapause boundary. The colors are given in the standard MMS
color palette assigning: MMS1-black, MMS2-red, MMS3-green, and MMS4-blue.
that centered around 11:57UT. We then later see a strong enhancement of energy flux centered
around 12:20UT where the excitation frequency band meets the local oxygen gyrofrequency. In the
third panel, the propagation direction of this energy flux relative to the magnetic field direction is
indicated from field-aligned (0◦) to anti-aligned (180◦). We can see that the wave propagates away
from the magnetic equator at the largest Poynting Flux enhancements (centered around 11:57 and
12:19UT), and switches direction as the spacecraft crosses the equator at ∼12:23UT to maintain
its poleward propagation. In the period from 12:00 to 12:15UT, the energy flux direction is not
as well defined, and often appears to be traveling perpendicular to the background field direction
(identified as white).
In the fourth panel we see the coherency of the wave, which is a measure of how consistent the
wave measurement is as well as an indication of how well the analysis techniques can be applied
to the given data. We can see that the most coherent portions of wave activity are observed just
underneath the ion gyrofrequency lines. The fifth panel shows the direction of the wave normal angle
relative to the background magnetic field, where the measurement is symmetric due to ambiguity
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Figure 6-7: Wave properties for the event observed by MMS1 on 2015-06-25. The top panel
shows one of the perpendicular (black) and the parallel (blue) magnetic field components.
The second through sixth panels show the total Poynting Flux magnitude, the angle of this
Poynting Flux relative to the background magnetic field, the coherency of the wave, the wave-
normal angle relative to the background magnetic field, and the Ellipticity. The white lines
overplotted in these panels represent the helium and oxygen gyrofrequencies.
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of the wave vector derivation technique. Recall that for ideal EMIC waves we would expect to see
a wave normal angle close to 0◦. For the most coherent wave activity centered around 11:57UT
we actually see a smooth rotation of the wave normal angle from field aligned to a more oblique
orientation. The wave activity under the oxygen gyrofrequency is similarly field aligned, but again
the wave activity between 12:00 and 12:15UT is nearly perpendicularly oriented to the magnetic
field. The final panel shows the ellipticity of the wave activity, and is generally right-hand circularly
polarized (red) for the majority of the wave enhancements. The period of oblique wave activity
appears to have linear polarization, or a weak right-handedness. Left-hand polarized activity is
visible at the O+ gyrofrequency value possibly indicating wave resonance with the local plasma.
The right-hand polarized activity at frequencies just above the gyrofrequency may indicate the
frequency regime bounded below by the oxygen gyrofrequency and above by the bi-ion hybrid
frequency (see section 4.1.2.5) that is opaque to the left-hand polarized wave mode.
All of these results point to the existence of some weak background wave activity embodying
the characteristics of the magnetosonic wave mode (perpendicular propagation direction, perpen-
dicular wave normal orientation, and near-linear ellipticity). This wave activity can enter a region
populated by anisotropic or otherwise resonant ions, which in turn give up their particle energy to
feed wave growth. Given the correct magnetic field regime and the resonance conditions satisfied
by the particle motion relative to the driving wave oscillations, this new wave growth would be in
the ion cyclotron mode. The magnetosonic wave drivers instigating this resonance would define the
frequency band of wave activity, and the close separation of bands would create a beating pattern of
constructive interference, effectively turning the resonance driver on and off in a periodic pattern.
6.2.2.2 2013-03-20 Event
Early in the main phase of the Van Allen Probes mission, probe-A recorded a particularly well-
resolved pearl pulsation event in the early morning sector outside of the electron plasmasphere on
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20th March, 2013. Probe-B did not observe this event, though it was separated in orbit by ∼1
hour. Probe-A was located just above 15◦ in magnetic latitude, which is outside of the typically
cited ±11◦ equatorial generation region for EMIC waves [Loto’aniu, 2005].
The detailed wave properties of this event can be seen in Figure 6-8. This plot has been
constructed in the same manner as in the MMS wave event, where from top to bottom we show
waveform data, total Poynting Flux, propagation direction, coherence, wave-normal orientation,
and ellipticity. The wave event appears to have two distinct periods of activity, beginning with
a relatively unstructured portion from 08:20 to 08:35 and a large enhancement at 08:37 which is
accompanied by faint harmonic signals, followed by a steady periodic succession of pearl pulsations
over a constant frequency band. We can see from the third panel that although the majority of
wave activity was traveling poleward along the background magnetic field direction (red), the pearl
elements gradually turn towards perpendicular propagation (white) at lower L-values. This same
behavior is demonstrated in the orientation of the wave-normal angle with respect to the background
field shown in the fifth panel. The ellipticity shown in the bottom panel shows some right-handed
wave activity (red) above the He+ gyrofrequency, and at the enhancement at 08:37UT as well
as the first few pearl elements. The unstructured activity turns towards circular left-handedness
(blue) across the He+ gyrofrequency line and the pearl elements for the most part are elliptically
left-handed.
The change in spectral structure as well as wave properties belies the crossing of some boundary
that separates plasma parameters. Wave properties such as orientation, ellipticity, and frequency
all depend on a combination of the background field strength and motion of resonant particles. For
such sudden and abrupt changes across a relatively gradual change in the background magnetic
field, there must be changes in the particle populations giving rise to different wave mode domains.
In Figure 6-9 we look at the ion components at different energy ranges measured by the HOPE
instrument as well as magnetic and electric field spectrograms. The top panel shows density mea-
144










































































































1.0   Ellipticity
R
H
        LH
fc He+
Figure 6-8: Wave properties for the event observed by Van Allen Probe-A on 2013-03-20. The
panels are set up in the same fashion as in Figure 6-7, where the top panel shows one of
the perpendicular (black) and the parallel (blue) magnetic field components, and the second
through sixth panels show the total Poynting Flux magnitude, the angle of this Poynting Flux
relative to the background magnetic field, the coherency of the wave, the wave-normal angle
relative to the background magnetic field, and the Ellipticity. The white lines overplotted in
these panels represent the helium gyrofrequency.
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surements of the “cold” plasma component constituting the 0-500 eV energy channels, where the
colors define the ions by species: H+-black, He+-green, and O+-orange. The electron plasmapause
boundary is visible by the discontinuous jump in density at 08:52UT.
The second panel shows the “hot” ion components derived from integrating the 8-30 keV energy
channels, and the third panel shows the temperature anisotropy T⊥/T|| of this hot population. Of
note is the fact that the hot O+ becomes the dominant species inside L=3.95. This transition is
observed during almost every orbit, but the exact distance of this exchange varies with geomagnetic
activity. The anisotropy is reduced for all three species during the period of wave activity, and only
rises to previous levels in the He+ and O+ measurements inside the plasmasphere.
The fourth and fifth panels show the wave power spectrograms for the magnetic BxGSE and
electric EymGSE 2 components respectively. Both of these components are directed roughly perpen-
dicular to the background field direction. The wave enhancement in the electric field component
before 08:25UT and after 08:45UT where we are not able to resolve any wave power above the
noise floor in the magnetic field component show that this portion of activity is not the typical
transverse EMIC mode. The pearl pulsations begin at 08:40UT, the same point at which the O+
ions reach equal number density levels as the H+ ions. The initial pearl elements in this regime are
transverse and field-aligned, but rotate into a compressional mode as the spacecraft travels further
into the magnetosphere. The wave activity stops abruptly at the plasmapause boundary visible in
the first panel.
If this is again a case of a weak set of magnetosonic wave energy traveling across magnetic
field lines, it could be that this energy interacts with the hot O+ ions leading to reenergization
of wave activity and conversion of some portion of resonant particle energy into the EMIC wave
mode. Magnetosonic waves are typically driven at harmonics of the particle gyrofrequency. If
the close spacing of these harmonics is what leads to the periodic beating pattern we observe,
2Recall the mGSE coordinate system is a modified version of the GSE coordinate system rotated such that the
x-component lies in the spacecraft spin direction.
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Figure 6-9: Ion density counts and wave spectrograms for the pearl pulsation event observed by the Van Allen
Probes on 2013-03-20. The top two panels show the density counts comprising a cold background (0-500 eV)
range on top, and a hot (8-30 keV) resonant population below recorded with the HOPE instrument. The
third panel shows anisotropy measurements of the hot ions in panel two. The ion species are each defined
by color, where: black-H+, green-He+, orange-O+. The fourth and fifth panels show the spectrograms
of magnetic and electric field components respectively, while the helium and oxygen gyrofrequencies are
overplotted in white.
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Figure 6-10: Slices of power spectrograms of BzGSM component.
Top panel shows power at 2.4Hz using a 32-second fft window
showing peaks in wave power at pearl modulation. Bottom panel
shows power across frequencies at 08:45UT using a 256-second
fft window showing peaks at discrete frequencies.
then we can determine the fundamental frequency from the modulation period. In Figure 6-10 we
show horizontal (top panel) and vertical (bottom panel) slices of the magnetic field spectrogram
at 2.4Hz and 08:45 respectively. In order to resolve the peaks observed, the frequency slice was
from an fft using a 32-second window, and the temporal slice was taken from an fft using a 256-
second window. We can see that mathematically, the beat period of ∼33 seconds corresponds to a
harmonic frequency separation of ∼30mHz.
We can demonstrate how this beating would produce such tones by generating several simple si-
nusoidal signals separated by ∼30mHz. This is shown in Figure 6-11, where we have plotted the su-
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perposition of ten sinusoids generated as f(t)i = 0.025 sin(2pi ωi t) for ωi = 2.20, 2.2318, 2.2632, . . . ,
2.4718Hz (ie, increments decreasing as 0.0318, 0.0314, 0.0310, . . ., 0.0286Hz). The decreasing
frequency spacing between higher frequency waves is what gives the appearance of a dispersive
characteristic to the pearl pulsations, in which the slope of each element changes slightly across the
observations in this event3. Min and Liu [2016] used a linear wave growth model to demonstrate a
variation in the relative shift in frequency between wave growth peaks and true harmonic values for
modeled shell distributions with larger parallel wave vector k‖. It is possible that this decreasing
incremental difference in magnetosonic harmonic values would reflect as a change in the k‖ value
across individual pearl elements, and is a direction of possible future investigation.
The changing dispersion in Figure 6-11 creates an interference situation in which the shown
coherent periodic tones are only visible in their current iteration for ∼10 minutes. Outside of
this window the interference pattern resembles a stippled affect, possibly explaining the more
complicated modulation patterns we have observed in our events list (such as those shown in
classification II in Figure 4-6). There are cases in which the top and bottom halves of the frequency
channel are alternately in phase, which would give rise to two bands of alternately occurring pearl
pulsations. These look very similar to the “zipper-like” magnetosonic waves discussed by Li et al.
[2017], and may imply the existence of beating patterns from magnetosonic wave energy in other
frequency regimes than shown here.
The sinusoids used in the modulation effect model above are very low amplitude (0.025 nT), and
individually would likely not have been recorded above the noise floor of the fluxgate instrument
(0.125 nT). It is only when they interfere constructively that they have sufficient amplitude to be
observed. That coherency and power contained in the pearl element would also affect the resonance
with local anisotropic ions. We often discuss EMIC wave generation due to particle resonances, but
assume these particles resonate with a sufficiently coherent fluctuation in the field to generate wave
3Since the frequency spacings between the higher-frequency sinusoids are closer together than those at the lower
end of the band, the beat period 1/(fj − fi) for j > i will be longer.
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Figure 6-11: Modeled behavior of periodic modulation pattern using superposition of closely-
spaced sinusoids. The top two panels show examples of the 1st and 10th sinusoid used. The third
and fourth panels show the waveform plots of the superposition of these sinusoids and the parallel
component of the Van Allen Probe-A magnetic field data from the 2013-03-20 event respectively.
The fifth and sixth panels show the spectrograms of the third and fourth panels.
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activity. The constructive interference of closely-space magnetosonic wave harmonics discussed
above would provide a level of power and coherency necessary to resonate with unstable particle
populations that might otherwise not be available.
6.2.3 Electron/Ion Boundaries
Since wave properties in the plasma environment are defined by basic plasma parameters such
as field strength, particle density, and temperature gradients, it is expected that any boundaries
between disparate regions embodying different parameter values would define different wave regions.
The most significant such boundary in Earth’s inner magnetosphere is the plasmapause, separating
the cold, dense, corotating plasmasphere from the hotter and more rarefied dynamic outer region.
Some wave modes, such as whistler-mode chorus and plasmaspheric hiss are highly controlled in
spatial occurrence by this boundary, while others have a more tenuous relationship. Malaspina
et al. [2016] showed evidence of how absolute the sorting of hiss and chorus wave power is relative
to the plasmapuse by plotting a statistical database of spectral power as a function of distance from
the plasmapause in L.
We can examine a similar relationship in occurrence of EMIC waves with our wave catalog,
and even examine the change in wave properties at these boundaries. To classify the location the
plasmapause for each orbit, we created an algorithm that identifies a change of a factor of 5 in the
electron density measurement over a spatial range of L < 0.5. The density here was determined
from the spacecraft potential measurement made by the EFW instrument, which is periodically
calibrated to the upper hybrid resonance frequency measured by EMFISIS. An example of this
result can be seen in the second panel of Figure 6-12 where the EFW electron density measurement
is plotted in black, and the red and blue vertical lines indicate the algorithm’s determination of the
outbound and inbound plasmapause locations respectively. We have chosen the innermost boundary
at which the conditions above are met, and so do not include any observations of the stormtime
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Figure 6-12: Example daily plot of plasma boundaries identified by an automated script for Van Allen Probe
data. The top panel shows the density ratio of hot (8-30 keV) O+ to H+ in black, with the outbound
(inbound) O+-dominance boundaries indicated in red (blue). The second panel shows the EFW-derived
electron density measurement in black with the identified outbound (inbound) plasmapause indicated by the
red (blue) vertical line.
plasmaspheric plume. This plume is visible during the second orbit from 09:20UT to 11:45UT
and from 12:15UT to 13:15UT, and also during the third orbit from 19:30UT to 20:45UT. While
the plume is often considered one of the most likely regions to generate EMIC waves due to the
presence of cold dense background plasma and hot ring current ions, it is a very dynamic feature
and difficult to reliably categorize.
Given the transition from unstructured EMIC wave activity to periodic pearl pulsations shown
in the example 2013-03-20 event (section 6.2.2.2), we additionally attempted to identify the inner
boundary at which hot O+ dominated over H+ measurements. For this routine we used the HOPE
survey product in which hot ions are defined as .030-50 keV. This energy range is much larger than
the population resonant with EMIC waves, but is still a good indicator for the dominance of O+
ions. We can see the results of this work in the top panel of Figure 6-12. Again, the O+/H+ ratio
is shown in black, while the outbound and inbound dominance transition boundaries are shown in
red and blue.
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During the recovery period of storms as the freshly injected energetic ions drift around the
magnetosphere, ions will slowly be lost to charge exchange in addition to other processes. Smith
and Bewtra [1978] found the rate of charge exchange is higher for heavier ions than H+, so that
as the storm progresses and convection drives ions to lower L it is expected that we would find a
dominance of heavy ions in the inner magnetosphere. This process agrees well with our observation
of higher rates of pearl pulsation occurrence towards the later recovery periods of geomagnetic
storms.
The distribution of where each of these boundaries was found is shown in Figure 6-13. The
oxygen dominance boundary in the top panel shows a very gaussian distribution centered around
L ≃ 4.3. The plasmapause location, however, is bimodally split, with one peak at L ≃ 3.5 and
a second at L ≃ 5. The double peaks may indicate the abrupt changes in plasmapause location
between geomagnetically quiet periods and active storm times.
6.2.3.1 Occurrence
Knowing the location of both the plasmapause and oxygen dominance boundaries, we can sort all
of our wave observations in terms of a distance ∆L from each boundary, rather than strictly the
distance in L from the center of the Earth. We have shown this in the modified dial plots in Figure 6-
14. The top two panels show the relative locations for unstructured EMIC wave observations, while
the bottom two panels show occurrences of pearl pulsations. For each set of panels, those on the
left have been sorted radially in terms of distance from the electron plasmapause observed during
the closest crossing, and those on the right have similarly been sorted relative to the location of
the identified oxygen dominance boundary. These are total measurements rather then normalized
to spacecraft dwell time in each sector, as there is no way to effectively interpolate the dwell time
of the spacecraft relative to the dynamic boundaries. The boundaries themselves have each been
placed at L=4, which is an approximation of the average positions shown in Figure 6-13.
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Figure 6-13: Distribution of plasma boundary occurrence as a function of
L observed by the Van Allen Probes throughout the period of EMIC wave
observations. The top panel shows the distribution of hot O+/H+ domi-
nance boundaries, while the bottom panel shows the distribution of electron
plasmapause encounters.
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Figure 6-14: Integrated wave power for unstructured EMIC waves (top panels) and pearl pulsations (bottom
panels) as a function of MLT and the radial distance ∆L from the electron plasmapause (left panels) and
the O+/H+ dominance boundary.
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We can see that compared to the wave power distributions shown in Figure 5-3, the unstructured
EMIC wave observations are highly correlated with the plasmapause location (this is particularly
evident across the dusk sector). We see a drop in power at the scale of 1-2 orders of magnitude
inside the plasmapause compared to the observations outside. This same behavior is not evident in
the sorting relative to the oxygen boundary. The obvious implication here is that the generation of
wave energy in unstructured EMIC waves is dependent on the refractive boundary generated by the
plasmaspheric boundary. The prediction of enhanced EMIC wave energy where the ring current
overlaps with the high density plasmasphere would most likely be satisfied in the plasmaspheric
plume, which we did not try to identify in our routine. For the pearl pulsations, however, we see
a different relationship. There does not appear to be the same dependence on the plasmapause,
but we do see a consistent drop in the wave power magnitude across the oxygen boundary. This
would imply that the mechanism that drives pearl pulsation wave growth is more closely tied with
energetic heavy ions than with the electron plasmapause.
Recall the existence of resonance surfaces at crossover and bi-ion hybrid frequencies is generated
by the presence of multiple species of ions. These species must exist in sufficient relative quantity
for the resonance frequency to be distinct from the ion gyrofrequency cutoffs. Given the presence of
large quantities of warm O+, resonance surfaces will exist at which incoming magnetosonic waves
of the correct excitation frequency may interact to transfer energy into the ion cyclotron mode.
6.2.3.2 Poynting Flux
A striking observation we saw when first looking at wave propagation using Poynting Flux calcu-
lations was the change in directionality with respect to the magnetic equator at lower and higher
L. The meridional slice of wave propagation directions as a function of MLat and L averaged over
all MLT is shown in the two left panels of Figure 6-15. We can see that for both unstructured
EMIC waves and pearl pulsations wave energy is directed along the background magnetic field
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away from the equator at higher L values (shown in red), as would be expected for equatorially
generated transverse waves. Conversely, wave energy is directed towards the equator (shown in
blue) at lower L for both pearl pulsations and unstructured EMIC waves. Returning wave en-
ergy was previously attributed to possible refraction or conversion of wave packets to right-handed
polarization at higher magnetic latitudes where the wave excitation frequency becomes equal to
the local crossover and bi-ion hybrid frequencies, possibly driving wave activity in an equatorward
direction. This would mean that the wave events observed at lower L were not locally generated,
but had instead been generated at larger L and had been refracted at higher MLat values. We will
find below, however, that the radial location at which this change in propagation direction occurs
for each wave mode is highly dependent on different plasma populations, and is not simply a case
of wave activity encountering frequency boundaries at higher latitudes.
We can see a region spanning several degrees in magnetic latitude at either side of the magnetic
equator colored in white, indicating either propagation perpendicular to the magnetic field, or more
likely, an average of many events traveling in opposite directions. This effect is similar to the ±11◦
generation region identified by Loto’aniu [2005], and could be due to a finite region of wave growth,
an uncertainty in the true location of the magnetic minimum due to reliance on a modeled field,
or some combination of the two. This region in white is particularly large in the panel showing
propagation for unstructured EMIC waves, and extends further in magnetic latitude at the division
between the poleward and equatorward propagating regions. This region is not as large for pearl
pulsations, which is undoubtedly due at least in part by the selection bias involved in identifying
the wave events. Those with a less coherent wave packet structure would be less likely to render
with a clear modulation pattern in our spectrogram, and would also be less likely to maintain a
coherent Poynting vector measurement over the span of our fourier window.
The middle and right panels in Figure 6-15 show these propagation characteristics sorted rel-
ative to the previously discussed plasma boundaries. Again, we see a strong relationship between
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Figure 6-15: Meridional plot of Poynting Flux propagation direction along the magnetic field sorted by L
(left), and the distances ∆L from the plasmapause (middle) and O+/H+ dominance boundary (right). The
top panels show the propagations of unstructured EMIC waves, while the bottom panels show the propagation
of pearl pulsations. The Poynting Flux is given in red (blue) for poleward (equatorward) propagation. The
blue dipole trace at L=4 represents the plasma boundary (∆L=0).
unstructured waves and the plasmapause, in which nearly all wave activity outside of the plasmas-
phere propagates away from the equator, and the majority of wave activity within the plasmasphere
propagates towards the equator. The equatorial region of uncertainty is still visible, but does not
extend as far in latitude as in the panels on the left. Sorting these results by distance from the
oxygen boundary as in the top right panel, does not yield the same result, and in fact appears very
similar to the unsorted data.
The Poynting Flux behavior of pearl pulsations appears not to be defined by the plasmapause,
and in fact loses the bimodality observed in the standard L-dependence plot. When sorted by the
distance from the oxygen boundary, however, the majority of events observed at lower L propagate
towards the equator, while nearly all activity at larger L travels away from the equator. The region
of ambiguity around the equator is much narrower when sorted by this second boundary, indicating
there is less overlap of counterstreaming wave events. This once again serves to underscore the fact
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that while unstructured EMIC wave activity is highly correlated with the electron plasmapause,
the behavior of pearl pulsations appears to be much more closely tied to energetic heavy ions.
6.2.4 Conclusions
It would appear that the occurrence and wave propagation properties of pearl pulsations are dic-
tated by the presence of energetic heavy ions, in particular the formation of O+ density gradients.
These tend to occur near but not necessarily directly at the plasmapause boundary. This could
possibly have led to previous claims of dependency of the pearl pulsation generation mechanism on
the plasmapause location. We instead propose that the change in the dispersion surface created by
this boundary allows incident wave energy to couple to multiple wave modes, driving conversion at
resonant frequencies.
Magnetosonic wave energy from sources in the outer magnetosphere may encounter these reso-
nances around their excitation frequency, and the immediately surrounding harmonics could trans-
fer energy into the transverse ion cyclotron mode. These harmonics will be closely spaced (de-
pending on the ion gyrofrequency value at the original source) resulting in a beating pattern on
the order of the modulation frequency observed in pearl pulsations. These newly-generated ion cy-
clotron waves would be free to travel unidirectionally away from this region along field lines, possibly
making their way through the ionosphere where they could be recorded by ground observatories.
The various qualities we have observed throughout our studies act to support this hypothesis
and consequently discredit other popular proposed generation mechanisms which have developed
over the 80+ years of pearl pulsation observation. We have found that:
1. Unlike the dayside occurrence and dusk power concentrations of unstructured EMIC waves,
Pc1 pearl pulsations are observed relatively uniformly in the inner magnetosphere, with a
small enhancement in the late morning sector (section 5.3.1).
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2. Pc1 pearl pulsations are more likely to be observed during magnetically quiet periods than
unstructured EMIC waves, and are most often observed in the late recovery period of geo-
magnetic storms (section 5.3.2.1).
3. Observations of oscillating Poynting flux along B imply the existence of reflecting waves
packets within a narrow equatorial region (section 5.4.1).
4. The central excitation frequency and modulation period of Pc1 pearl pulsations remain con-
stant for individual wave events across a range in L and MLT (section 5.4.2).
5. Magnetically conjugate observations between space and the ground show the same modu-
lation period in both locations, and little to no frequency dispersion within wave packets
(section 5.4.3.2).
6. Case studies have shown instances of pearl pulsation events made up of wave energy alter-
nately displaying both magnetosonic and ion cyclotron mode behavior suggesting a coupling
between the two sets of pulsations (section 6.2.2).
7. While unstructured EMIC waves are strongly tied in behavior to the electron plasmapause,
pearl pulsations do not show this same dependence, and instead appear to have a dependence
of both occurrence and propagation directionality on the formation of a heavy ion dominance
boundary in the inner magnetosphere (section 6.2.3).
These differences highlight the fact that pearl pulsations are not simply a subset of ion cyclotron
waves with additional constraints on their generation driving periodic modulation, but exist as a
discretely different population of wave events. A robust model of the geomagnetic response in the
inner magnetosphere must account for these differences, as waves in different locations and gener-
ated at different times within storm phases will interact with different local particle populations.
Future work seeking to examine the proposed interaction between low frequency magnetosonic wave
harmonics and pearl pulsations could include particle-in-cell simulations modeling the behavior of
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incident wave activity at various resonant particle gradients. Additionally, these interactions might
be observed in the more controlled environment induced within parametrized plasma chambers,
some of which are now able generate waves in the ion cyclotron range at sufficient wavelengths to
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Plasma wave polarization is a direct consequence of the driving mechanism, and imparts particular
qualities to each mode which give rise to their propagation and particle interactions. Our method
follows the derivations by Means [1972] who follow the theory from Rankin and Kurtz [1970] as
applied to a dataset not yet in the wave coordinate system. The polarization of a plasma wave is
defined relative to the direction of the permeating background magnetic field, so the first step in
this process is to rotate the measured components into a field-aligned coordinate system. We define
the magnetic field direction nˆ using a running boxcar average of the measured field. The timerange
over which to apply this average can lead to some wave-driven fluctuations, so it is important to
choose a period of time sufficiently long to exclude any effects from the waves studied, but still
account for local perturbations. We typically use a 30-second average, which is below the Pc2 cutoff
period, but will still account for shifting of the field by alfvèn waves.
The two perpendicular components of the field could be treated as arbitrary, but due to the
differences in wave modes such as field line resonance relative to the dipolar field structure it is
beneficial to choose to determine perpendicular directions aligned quasi-azimuthally and quasi-
radially with the magnetosphere. We therefore use the spacecraft position vector to determine a
spherically radial direction:
r⃗ = direction radially outwards from center of Earth towards spacecraft
and so derive the right-handed field-aligned coordinate system:
nˆ = direction along B (north at Equator)
pˆ = nˆ×−r⃗ → quasi-westwards at Equator
qˆ = nˆ× pˆ→ quasi-radially outwards at Equator
We then rotate the measured magnetic field data into this time-dependent system to find the
compressional and transverse components. We then perform a fast fourier transform (fft) on these
components in order to solve for the polarization parameters of discrete frequency bands. The
timing window used for each wave event varies based on the desired frequency resolution, and we
typically applied a sliding Hanning windowing function to suppress any computational artifacts.
Using the notation for the real and imaginary components of our fft given by δBn = ℜ(Bn)+iℑ(Bn),
we can construct an array of wave activity given by
J ′ =




Assuming δBx describes sinusoids at discrete frequencies1 ω with amplitudes ax and shifted in









The diagonal elements J00, J11, and J22 will be purely real, while the antisymmetric off-diagonal
elements will retain both the real and imaginary components of the fft results.
As is shown by Means [1972], J ′ = RJR−1 is a transformation by R of the wave covariance
matrix
J =
 a2r iaras 0−iaras a2s 0
0 0 0
 =
a2r 0 00 a2s 0
0 0 0
+ iaras
 0 1 0−1 0 0
0 0 0
 (B.3)
where J is given in a wave normal coordinate system defined by
rˆ = kˆ × Bˆ
sˆ = kˆ × rˆ
kˆ
The real component of J in (B.3) represents the amplitudes of the elliptical axes of the wave
perturbations, which can be used to determine wave normal directions through eigenvalue analysis.
This method does raise the possibility of interference from other signals, however. The antisymmet-
ric imaginary component is independent of the diagonal matrix, and so is a transformation of the
imaginary component of J ′ according to ℑ(J) = 1arasR−1ℑ(J ′)R using a standard eulerian rotationmatrix R. The measured imaginary matrix ℑ(J ′) is then a hollow matrix whose antisymmetric
components are made up of the wave normal direction components according to
ℑ(J ′) = aras






s = ℑ(J ′[01])2 + ℑ(J ′[02])2 + ℑ(J ′[12])2
We then construct our wave-normal coordinate system using kp = ℑ(J ′[12])/(aras), kq =
−ℑ(J ′[02])/(aras), and kn = ℑ(J ′[01])/(aras), and find rˆ and sˆ as written above. The final step
is to transform our measure field data into a wave-normal coordinate system by J = 1arasR−1J ′Rwhere R is constructed from our wave normal unit vectors. The result is a matrix
J =









Jrr Jrs JrkJsr Jss Jsk
Jkr Jks Jkk
 (B.4)
1The outline of this method simplifies the analysis to a single wave frequency with a particular amplitude and
phase shift, but this is easily solved for the entirety of the fft result by treating each variable here as an array.
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described in Fowler et al. [1967] and Rankin and Kurtz [1970] as providing wave parameters. The
wave power is defined by the trace Jrr + Jss, and ideally there should be no coherent signal in the

















Angle of Polarization (angle semimajor axis makes with coordinate system, not actually very










Ellipticity (most helpful quantity, determines polarization of wave from left-hand circular (-1),











Poynting Flux, which describes the transmission of energy by an electromagnetic wave, is defined
by the cross product:
S⃗ = E⃗ × B⃗ (B.10)
This is a vector quantity based on the planar assumption of a self-propagating electromagnetic
wave varying both in E⃗ and B⃗. As such, this relationship can be found for individual perturbation
frequencies rather than for all variations in the field as a whole. The easiest way to perform this
analysis for individual frequency ranges is to use fourier transforms of the time-series data. The fft of
course transforms the data into frequency space, providing both a real and imaginary component
to convey phase information. To properly incorporate this phase data into the Poynting flux
calculation (the relative phase between the perturbations δ⃗E and δ⃗B will determine the direction
of their cross product), (B.10) must be amended to include both real and imaginary parts of δ⃗E
and δ⃗B. The multiplication between two complex vectors A⃗ and B⃗ will give four total terms: A⃗B⃗,
A⃗∗B⃗, A⃗B⃗∗, and A⃗∗B⃗∗. However, over multiple wave cycles (necessary to compute the fft), terms
will average to zero, leaving us only with A⃗∗B⃗ and A⃗B⃗∗, each of which contribute a quarter of the





∗ × δ⃗B + δ⃗E × δ⃗B∗) (B.11)
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where for Z = a+ ib, Z∗ = a− ib as is typical for notation of the complex conjugate.
Our main interest with regards to waves traveling in the magnetosphere is their propagation
relative to the background magnetic field direction. The simplest way to examine this property is
to first rotate all field perturbation measurements into a field-aligned coordinate system. As with
section B.1, we have chosen the coordinate system given by nˆ, pˆ, qˆ. We will define our complex
components here in the format Bn = ℜ(Bn) + iℑ(Bn)
We can split δ⃗E and δ⃗B into En, Ep, Eq, Bn, Bp, Bq and so find Sn, Sp, Sq separately. These
terms represent the variations in the field quantities, since we will use fourier transforms of the field
measurements allowing us to examine each frequency range independently.
As such, dropping the δ notation as implicit in the field component terms the cross product for
























+ . . .
= nˆ
(





[ℜ(Ep) + iℑ(Ep)] · [ℜ(Bq)− iℑ(Bq)]− [ℜ(Eq) + iℑ(Eq)] · [ℜ(Bp)− iℑ(Bp)]
)
+ . . .
= nˆ
(
[ℜ(Ep)ℜ(Bq)− iℑ(Ep)ℜ(Bq) + ℜ(Ep)iℑ(Bq)− iℑ(Ep)iℑ(Bq)]−
[ℜ(Eq)ℜ(Bp)− iℑ(Eq)ℜ(Bp) + ℜ(Eq)iℑ(Bp)− iℑ(Eq)iℑ(Bp)]
)
+
nˆ ([ℜ(Ep) + iℑ(Ep)] · [ℜ(Bq)− iℑ(Bq)]− [ℜ(Eq) + iℑ(Eq)] · [ℜ(Ep)− iℑ(Bp)]) + . . .
= nˆ
(
[ℜ(Ep)ℜ(Bq) + ℑ(Ep)ℑ(Bq)]− i[ℑ(Ep)ℜ(Bq)−ℜ(Ep)ℑ(Bq)]−





[ℜ(Ep) + iℑ(Ep)] · [ℜ(Bq)− iℑ(Bq)]− [ℜ(Eq) + iℑ(Eq)] · [ℜ(Ep)− iℑ(Bp)]
)









[ℜ(Ep) + iℑ(Ep)] · [ℜ(Bq)− iℑ(Bq)]− [ℜ(Eq) + iℑ(Eq)] · [ℜ(Ep)− iℑ(Bp)]
)









[ℜ(Ep)ℜ(Bq) + iℑ(Ep)ℜ(Bq)−ℜ(Ep)iℑ(Bq)− iℑ(Ep)iℑ(Bq)]−
[ℜ(Eq)ℜ(Ep) + iℑ(Eq)ℜ(Ep)−ℜ(Eq)iℑ(Bp)− iℑ(Eq)iℑ(Bp)]
)










[ℜ(Ep)ℜ(Bq) + ℑ(Ep)ℑ(Bq)] + i[ℑ(Ep)ℜ(Bq)−ℜ(Ep)ℑ(Bq)]−
[ℜ(Eq)ℜ(Bp) + ℑ(Eq)ℑ(Bp)] + i[ℑ(Eq)ℜ(Bp)−ℜ(Eq)ℑ(Bp)]
)












+ . . .
= nˆ




[ℑ(Ep)ℜ(Bq)−ℜ(Ep)ℑ(Bq) + ℑ(Eq)ℜ(Bp)−ℜ(Eq)ℑ(Bp) ]−
i








[ℑ(Ep)ℜ(Bq)−ℜ(Ep)ℑ(Bq) + ℑ(Eq)ℜ(Bp)−ℜ(Eq)ℑ(Bp) ]−
i




[ℜ(Ep)ℜ(Bq) + ℑ(Ep)ℑ(Bq)−ℜ(Eq)ℜ(Bp)−ℑ(Eq)ℑ(Bp) ])+ . . .













[ℜ(Ep)ℜ(Bn) + ℑ(Ep)ℑ(Bn)−ℜ(En)ℜ(Bp)−ℑ(En)ℑ(Bp) ]
(B.12)
As we mentioned in section 5.2.2, there will be cases in which possible errors in instrument
measurements make it so that we cannot reliably use the assumption of δE⃗ · δB⃗ = 0 to determine
the spin axis component of the electric field. In these instances, it is possible to approximate the
Poynting flux along the magnetic field by substituting in for our unknown electric field value. An







but if we are only interested in the flux along the magnetic field, we can restrict this relationship







































































































(δB⊥1 · δB∗⊥1 + δB⊥2 · δB∗⊥2) (B.13)
Following a similar method of algebraic manipulation to that above, we can calculate S†|| in




































[ℜ(Eq)− iℑ(Eq)] · [ℜ(Bp) + iℑ(Bp)] + [ℜ(Eq) + iℑ(Eq)] · [ℜ(Bp)− iℑ(Bp)]






[ℜ(Eq)ℜ(Bp) + iℜ(Eq)ℑ(Bp)− iℑ(Eq)ℜ(Bp) + ℑ(Eq)ℑ(Bp)]+




























Table C.1 lists the table of wave events identified from Van Allen Probes mission from September
2012 through August 2015 used in the statistical EMIC wave study discussed in section 5. These
waves were identified through visual inspection of spectrograms of the Bw component of the Van
Allen Probe fluxgate magnetometers aboard each spacecraft (example selections can be seen in in
Figure 5-2). The w component corresponds to the spin axis direction of the spacecraft, minimizing
any spin-derived Doppler shifting of the signals while having the added benefit of being oriented
roughly perpendicular to the background magnetic field due to the spacecrafts’ equatorial orbit.
Wave events were identified as discrete contiguous regions of wave power in frequency-time space
exceeding a minimum power level of 10−3 nT2/Hz. Wave events were classified as pearl pulsations
if a minimum of 4 successive periodically-spaced wave elements were observed. This does bias
the selections towards unstructured wave activity, and likely results in the pearl pulsation events
having a higher coherence measurement (as periodic elements are less likely to be recognized in
more incoherent wave activity). We feel that it is important to characterize pearl pulsations on a
statistical level by selections that best resolve their modulated behavior.
The first and second columns designate the beginning and end timestamps of each wave event.
The third column labels which of the two spacecraft recorded the observation. The fourth and fifth
columns identify the lower and upper frequency boundaries for each wave event.
The sixth column describes which local frequency band the wave activity is observed in. The
frequency band is bounded in the upper range by the gyrofrequency of the listed ion, and at the
lower range by the gyrofrequency of the next heaviest ion. For the O+ band, there is no defined
lower limit, but instrument noise and low frequency turbulence often make the identification of a
lower-frequency cutoff unnecessary. Wave events seen to span gyrofrequency lines were broken into
separate events according to frequency band.
The seventh column lists a simple yes/no answer to whether or not the wave event was observed
by both spacecraft. This was determined by the similarity of the spectral characteristics of the
wave observations made by each spacecraft as they passed through a similar spatial region. These
measurements were used to examine any differences in the temporal persistence between pearl
pulsations and unstructured EMIC wave generation regions (as described in section 5.3.2).
The final column labels each wave event as to whether it exhibited the temporal modulation
characteristics of pearl pulsations (PP) or was composed of unstructured wave power (U).
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Table C.1: EMIC wave events observed by the Van Allen Probes mission from Septem-
ber 2012 through August 2015
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2012-09-08 18:50 2012-09-08 20:45 A 1.80 3.50 H+ no U
2012-09-09 13:20 2012-09-09 13:31 A 1.26 1.46 He+ yes PP
2012-09-09 14:51 2012-09-09 15:08 B 1.70 2.13 H+ yes PP
2012-09-09 17:51 2012-09-09 18:52 A 1.60 2.15 H+ no U
2012-09-09 18:48 2012-09-09 18:59 A 1.00 1.17 He+ no U
2012-09-09 19:28 2012-09-09 19:51 B 1.49 1.78 H+ yes U
2012-09-09 19:50 2012-09-09 20:01 A 0.83 0.98 O+ no U
2012-09-09 22:44 2012-09-09 22:49 A 1.57 1.78 H+ yes U
2012-09-09 23:38 2012-09-09 23:49 B 1.66 2.01 H+ yes U
2012-09-09 23:39 2012-09-09 23:57 B 0.88 1.17 He+ no PP
2012-09-10 04:53 2012-09-10 05:11 B 1.60 1.95 H+ no U
2012-09-10 05:08 2012-09-10 05:22 B 2.21 2.60 H+ no U
2012-09-10 05:29 2012-09-10 05:56 B 1.20 1.64 He+ no PP
2012-09-10 05:51 2012-09-10 06:09 B 1.01 1.19 O+ no PP
2012-09-10 06:19 2012-09-10 07:02 A 0.20 0.53 O+ yes U
2012-09-10 07:14 2012-09-10 08:16 A 0.36 0.78 He+ yes PP
2012-09-10 07:32 2012-09-10 08:07 B 0.28 0.61 O+ yes PP
2012-09-10 09:10 2012-09-10 09:55 B 0.27 0.64 He+ yes PP
2012-09-10 09:39 2012-09-10 09:51 B 0.80 1.12 H+ no PP
2012-09-10 10:24 2012-09-10 10:31 A 0.28 0.46 He+ yes PP
2012-09-10 11:05 2012-09-10 12:33 A 0.26 0.51 He+ yes PP
2012-09-10 11:17 2012-09-10 13:30 B 0.23 0.58 He+ yes PP
2012-09-10 12:10 2012-09-10 12:47 B 0.67 1.03 H+ no PP
2012-09-10 12:45 2012-09-10 13:33 A 0.22 0.34 O+ yes PP
2012-09-10 13:47 2012-09-10 15:01 B 0.22 0.42 O+ yes PP
2012-09-10 14:01 2012-09-10 14:28 B 0.42 0.88 He+ no PP
2012-09-10 20:21 2012-09-10 21:23 A 1.08 1.37 H+ no PP
2012-09-10 22:01 2012-09-10 22:28 B 0.52 0.61 He+ no PP
2012-09-10 22:54 2012-09-10 23:03 A 0.97 1.06 O+ no PP
2012-09-12 00:50 2012-09-12 01:01 A 0.99 1.15 He+ no U
2012-09-12 02:02 2012-09-12 03:34 B 0.25 0.54 O+ yes PP
2012-09-12 04:37 2012-09-12 05:20 B 0.33 0.62 O+ no PP
2012-09-12 12:16 2012-09-12 12:56 A 0.71 1.11 O+ yes PP
2012-09-12 13:28 2012-09-12 14:30 A 0.64 0.85 He+ no PP
2012-09-12 13:55 2012-09-12 14:14 B 0.58 0.84 O+ yes PP
2012-09-12 14:34 2012-09-12 15:16 B 0.53 0.96 He+ yes PP
2012-09-12 18:57 2012-09-12 19:45 A 0.48 0.67 O+ no PP
2012-09-12 23:54 2012-09-13 00:18 A 0.17 0.18 O+ no PP
2012-09-13 00:27 2012-09-13 00:36 B 0.98 1.05 He+ no PP
2012-09-13 00:30 2012-09-13 01:06 A 0.17 0.18 He+ no PP
2012-09-13 02:07 2012-09-13 02:11 B 0.97 1.04 H+ no PP
2012-09-13 02:42 2012-09-13 02:48 B 0.98 1.04 H+ no PP
2012-09-13 03:33 2012-09-13 03:40 B 0.97 1.06 H+ no PP
2012-09-13 08:38 2012-09-13 09:47 B 0.36 0.68 He+ no PP
2012-09-13 10:43 2012-09-13 10:50 B 0.96 1.07 H+ no PP
2012-09-13 13:31 2012-09-13 13:48 B 0.31 0.45 He+ no PP
2012-09-13 17:54 2012-09-13 18:17 B 0.73 1.00 He+ no PP
2012-09-13 22:25 2012-09-13 22:49 B 0.60 0.71 He+ no PP
2012-09-14 03:36 2012-09-14 03:46 B 0.97 1.05 H+ no PP
2012-09-14 04:57 2012-09-14 05:00 B 0.97 1.06 H+ no PP
2012-09-14 05:20 2012-09-14 05:23 B 0.98 1.04 H+ no PP
2012-09-15 19:08 2012-09-15 19:50 B 0.98 1.04 H+ no PP
Continued on next page
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Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2012-09-17 05:03 2012-09-17 05:16 B 0.95 1.08 H+ no U
2012-09-18 08:08 2012-09-18 08:12 B 0.98 1.04 H+ no PP
2012-09-19 04:15 2012-09-19 04:36 B 0.98 1.05 H+ no PP
2012-09-19 11:41 2012-09-19 11:43 B 0.99 1.04 H+ no PP
2012-09-20 06:26 2012-09-20 06:34 B 1.00 1.23 H+ no U
2012-09-20 16:21 2012-09-20 16:57 B 0.92 1.11 H+ no PP
2012-09-21 06:42 2012-09-21 06:52 B 0.95 1.06 He+ no PP
2012-09-21 12:18 2012-09-21 12:33 B 0.32 0.45 O+ no PP
2012-09-21 12:50 2012-09-21 13:06 A 0.42 0.50 He+ no PP
2012-09-21 15:37 2012-09-21 15:39 B 0.98 1.06 He+ no U
2012-09-21 18:31 2012-09-21 18:33 B 0.98 1.04 H+ no U
2012-09-21 18:43 2012-09-21 18:46 B 0.95 1.08 H+ no U
2012-09-22 07:36 2012-09-22 07:41 A 0.23 0.28 He+ no PP
2012-09-22 11:13 2012-09-22 11:23 A 0.24 0.28 He+ no PP
2012-09-22 13:17 2012-09-22 13:22 A 0.40 0.49 O+ no PP
2012-09-22 13:25 2012-09-22 13:47 B 0.97 1.10 H+ no PP
2012-09-22 13:50 2012-09-22 14:05 B 2.37 2.69 H+ no PP
2012-09-22 22:47 2012-09-22 22:54 B 0.90 1.13 H+ no PP
2012-09-23 02:34 2012-09-23 02:58 B 0.20 0.51 O+ no PP
2012-09-23 07:46 2012-09-23 07:58 B 0.90 1.15 H+ no U
2012-09-23 16:10 2012-09-23 16:37 B 0.98 1.06 H+ no PP
2012-09-24 02:06 2012-09-24 02:18 B 0.95 1.07 H+ no PP
2012-09-24 06:25 2012-09-24 06:30 B 0.96 1.06 He+ no PP
2012-09-24 09:21 2012-09-24 09:37 A 0.19 0.25 O+ yes PP
2012-09-24 09:28 2012-09-24 11:04 B 0.21 0.43 He+ no PP
2012-09-24 11:08 2012-09-24 11:13 B 0.98 1.05 H+ no PP
2012-09-24 17:17 2012-09-24 17:52 B 0.21 0.32 He+ no PP
2012-09-24 18:47 2012-09-24 19:53 B 0.36 0.47 He+ no PP
2012-09-25 05:49 2012-09-25 05:57 B 0.94 1.08 He+ no PP
2012-09-25 14:55 2012-09-25 15:00 B 0.98 1.05 He+ no PP
2012-09-26 02:56 2012-09-26 03:21 B 0.17 0.39 O+ no PP
2012-09-26 09:06 2012-09-26 09:40 B 0.96 1.07 He+ no PP
2012-09-26 21:33 2012-09-26 21:46 B 0.22 0.34 O+ yes U
2012-09-26 22:35 2012-09-26 23:07 B 0.97 1.06 H+ no PP
2012-09-27 07:11 2012-09-27 07:33 B 0.37 0.54 He+ no PP
2012-09-27 07:48 2012-09-27 08:03 B 0.98 1.11 H+ no PP
2012-09-28 02:37 2012-09-28 03:17 B 0.96 1.07 H+ no PP
2012-09-28 11:23 2012-09-28 12:03 B 0.97 1.06 H+ no PP
2012-09-28 21:02 2012-09-28 21:06 B 0.98 1.05 H+ no U
2012-09-29 05:17 2012-09-29 05:45 A 0.36 0.47 He+ no U
2012-09-29 14:21 2012-09-29 15:05 B 0.98 1.07 H+ no PP
2012-09-29 22:44 2012-09-30 00:19 B 0.97 1.10 H+ no PP
2012-09-30 07:55 2012-09-30 09:20 B 0.97 1.11 H+ no PP
2012-09-30 17:09 2012-09-30 17:24 B 0.98 1.10 H+ no PP
2012-10-01 01:03 2012-10-01 01:18 B 1.37 1.93 H+ no U
2012-10-01 05:17 2012-10-01 05:22 A 1.80 3.60 He+ no U
2012-10-01 10:11 2012-10-01 10:38 B 0.10 0.30 O+ no PP
2012-10-01 11:19 2012-10-01 13:02 A 0.20 7.00 He+ yes U
2012-10-01 11:31 2012-10-01 12:23 B 0.97 1.06 H+ no PP
2012-10-01 11:46 2012-10-01 16:10 B 0.14 0.66 He+ no U
2012-10-01 14:51 2012-10-01 15:16 A 2.90 4.30 H+ no U
2012-10-01 15:30 2012-10-01 18:34 A 0.13 0.43 He+ yes U
2012-10-01 15:35 2012-10-01 16:01 B 1.90 3.40 H+ no U
2012-10-01 15:50 2012-10-01 16:04 B 0.72 1.14 He+ no U
Continued on next page
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Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2012-10-01 16:29 2012-10-01 16:37 B 1.20 1.77 He+ no U
2012-10-01 19:26 2012-10-01 19:44 B 1.40 1.83 H+ no U
2012-10-01 20:36 2012-10-01 21:13 A 2.97 3.44 H+ no PP
2012-10-01 21:11 2012-10-01 21:31 A 4.20 6.00 H+ no U
2012-10-01 21:22 2012-10-01 21:26 A 0.91 1.28 He+ no PP
2012-10-01 21:34 2012-10-01 21:59 A 3.90 5.90 He+ no PP
2012-10-01 23:22 2012-10-01 23:34 A 0.99 3.80 He+ no U
2012-10-02 00:07 2012-10-02 00:27 A 1.70 3.00 H+ no PP
2012-10-02 00:11 2012-10-02 00:22 A 0.40 1.00 He+ no PP
2012-10-02 13:27 2012-10-02 13:49 B 1.47 1.71 H+ no PP
2012-10-02 14:02 2012-10-02 15:37 B 0.97 1.07 H+ no PP
2012-10-02 14:32 2012-10-02 14:42 A 0.30 0.55 He+ no U
2012-10-02 15:09 2012-10-02 15:17 A 0.56 1.10 He+ no U
2012-10-02 15:38 2012-10-02 16:00 A 12.80 13.45 H+ no PP
2012-10-02 16:52 2012-10-02 19:15 B 1.50 4.10 H+ no PP
2012-10-03 18:15 2012-10-03 18:16 A 0.85 1.30 He+ no U
2012-10-03 18:18 2012-10-03 18:22 B 0.93 1.13 H+ no U
2012-10-04 11:52 2012-10-04 12:02 A 1.25 1.61 He+ yes U
2012-10-04 15:23 2012-10-04 15:40 B 1.42 1.56 H+ no U
2012-10-04 16:16 2012-10-04 16:21 B 1.20 1.71 He+ yes PP
2012-10-04 16:57 2012-10-04 17:14 B 0.70 1.14 O+ no U
2012-10-05 01:27 2012-10-05 01:43 B 0.80 1.90 He+ no PP
2012-10-05 06:14 2012-10-05 06:42 A 0.70 1.05 O+ no U
2012-10-05 08:06 2012-10-05 08:22 A 1.02 1.27 O+ no U
2012-10-05 09:49 2012-10-05 11:12 A 0.99 1.39 H+ no PP
2012-10-05 14:19 2012-10-05 14:40 A 0.96 1.13 He+ yes PP
2012-10-05 14:41 2012-10-05 15:02 A 1.27 1.76 He+ yes PP
2012-10-05 14:51 2012-10-05 14:55 A 2.85 3.15 H+ no PP
2012-10-05 18:48 2012-10-05 19:20 B 0.65 0.99 He+ yes PP
2012-10-05 23:39 2012-10-05 23:52 A 0.50 1.40 He+ yes PP
2012-10-06 01:49 2012-10-06 02:05 A 0.68 1.14 O+ no PP
2012-10-06 02:45 2012-10-06 03:07 A 0.96 1.43 He+ no PP
2012-10-06 03:30 2012-10-06 03:33 A 3.75 3.91 H+ no U
2012-10-06 04:19 2012-10-06 05:11 B 0.40 0.61 O+ no PP
2012-10-06 08:27 2012-10-06 09:05 A 2.40 3.80 H+ no PP
2012-10-06 09:04 2012-10-06 09:27 A 2.50 3.20 He+ no PP
2012-10-06 15:32 2012-10-06 15:49 B 0.87 1.24 O+ no PP
2012-10-06 16:19 2012-10-06 16:40 B 0.87 1.50 He+ no PP
2012-10-06 20:55 2012-10-06 21:21 A 0.72 1.04 He+ no PP
2012-10-06 22:08 2012-10-06 22:34 B 0.64 0.78 He+ no PP
2012-10-06 22:59 2012-10-06 23:32 B 0.57 0.76 O+ no PP
2012-10-07 02:25 2012-10-07 02:50 A 0.54 1.05 He+ no PP
2012-10-07 05:34 2012-10-07 05:50 A 1.10 1.85 He+ no PP
2012-10-07 07:08 2012-10-07 07:14 B 0.93 1.02 He+ no U
2012-10-07 15:33 2012-10-07 16:18 B 0.35 0.65 He+ no PP
2012-10-08 06:05 2012-10-08 06:12 A 0.42 0.77 O+ no PP
2012-10-08 13:00 2012-10-08 13:02 B 1.30 4.50 He+ no U
2012-10-08 15:08 2012-10-08 15:31 A 1.80 4.70 He+ no U
2012-10-08 17:29 2012-10-08 17:56 A 0.60 1.30 He+ yes U
2012-10-08 17:30 2012-10-08 18:01 A 0.27 0.60 O+ no U
2012-10-08 22:06 2012-10-08 22:15 B 1.00 3.50 He+ yes PP
2012-10-09 02:00 2012-10-09 02:03 A 2.00 3.00 He+ no U
2012-10-09 10:59 2012-10-09 11:05 A 1.55 3.10 He+ yes U
2012-10-09 16:30 2012-10-09 16:35 B 0.70 1.40 He+ yes U
Continued on next page
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Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2012-10-09 18:15 2012-10-09 18:30 A 0.72 1.30 O+ no U
2012-10-09 19:52 2012-10-09 20:11 A 4.10 5.50 He+ no U
2012-10-09 20:27 2012-10-09 20:37 A 5.00 5.90 H+ no PP
2012-10-09 22:48 2012-10-09 23:00 B 4.20 6.00 H+ yes PP
2012-10-10 02:47 2012-10-10 03:00 A 4.00 5.50 H+ yes U
2012-10-10 03:09 2012-10-10 03:19 A 4.30 5.70 He+ no PP
2012-10-10 05:13 2012-10-10 05:21 A 3.80 4.50 H+ no PP
2012-10-10 07:05 2012-10-10 07:29 B 1.60 2.40 H+ yes PP
2012-10-10 10:44 2012-10-10 10:53 B 2.00 2.45 H+ no U
2012-10-10 11:19 2012-10-10 11:21 A 1.95 2.25 H+ yes U
2012-10-10 11:49 2012-10-10 11:52 A 3.76 4.54 H+ no U
2012-10-11 05:32 2012-10-11 05:58 A 2.85 3.70 H+ no PP
2012-10-11 05:40 2012-10-11 05:51 A 1.00 1.90 He+ no PP
2012-10-11 06:14 2012-10-11 06:30 A 0.90 1.40 O+ yes PP
2012-10-11 07:35 2012-10-11 08:07 A 0.56 1.15 O+ yes PP
2012-10-11 11:35 2012-10-11 11:55 B 0.85 1.25 O+ yes PP
2012-10-11 12:55 2012-10-11 13:07 B 0.55 1.23 O+ yes PP
2012-10-11 13:36 2012-10-11 13:54 A 1.53 1.64 H+ no U
2012-10-11 13:40 2012-10-11 14:20 B 0.60 1.15 He+ no PP
2012-10-11 14:15 2012-10-11 14:44 A 0.69 1.27 He+ no U
2012-10-11 14:47 2012-10-11 15:11 A 0.48 0.76 O+ yes PP
2012-10-11 17:20 2012-10-11 17:56 A 2.30 3.70 H+ no PP
2012-10-11 18:27 2012-10-11 18:33 B 1.21 1.32 H+ no PP
2012-10-11 23:18 2012-10-11 23:42 A 2.40 3.60 H+ no PP
2012-10-11 23:29 2012-10-11 23:37 A 5.18 6.10 H+ no U
2012-10-11 23:35 2012-10-11 23:53 A 3.70 4.60 H+ no U
2012-10-11 23:42 2012-10-12 00:17 A 2.47 3.10 He+ no PP
2012-10-12 01:41 2012-10-12 02:03 A 0.77 1.05 O+ no PP
2012-10-12 02:20 2012-10-12 02:32 A 1.00 2.10 He+ yes U
2012-10-12 02:35 2012-10-12 02:58 A 0.87 1.14 He+ no PP
2012-10-12 04:27 2012-10-12 04:59 B 0.81 1.05 He+ no PP
2012-10-12 05:00 2012-10-12 05:28 B 0.52 0.64 O+ no PP
2012-10-12 05:15 2012-10-12 05:35 B 0.66 0.90 O+ no PP
2012-10-12 07:31 2012-10-12 07:44 B 1.00 1.90 He+ yes PP
2012-10-12 08:09 2012-10-12 08:37 A 2.20 3.80 H+ no U
2012-10-12 11:17 2012-10-12 11:24 A 1.16 1.57 He+ no U
2012-10-12 17:01 2012-10-12 17:25 A 2.40 2.93 H+ no PP
2012-10-13 10:19 2012-10-13 10:20 B 1.50 3.00 He+ yes U
2012-10-13 10:39 2012-10-13 10:41 A 0.60 0.90 He+ no U
2012-10-13 10:42 2012-10-13 10:55 B 0.60 1.20 He+ yes U
2012-10-13 10:57 2012-10-13 11:24 A 0.36 1.20 He+ no PP
2012-10-13 13:45 2012-10-13 13:52 A 1.60 3.40 He+ yes PP
2012-10-13 19:40 2012-10-13 19:55 B 0.65 1.50 He+ yes U
2012-10-13 23:00 2012-10-13 23:08 A 1.00 1.90 He+ yes U
2012-10-14 05:23 2012-10-14 05:32 A 3.40 4.10 H+ yes U
2012-10-14 10:48 2012-10-14 10:52 B 3.25 3.50 H+ yes PP
2012-10-15 08:27 2012-10-15 08:35 B 2.50 2.75 H+ no PP
2012-10-15 08:54 2012-10-15 09:07 A 2.30 2.80 He+ yes U
2012-10-15 11:16 2012-10-15 11:19 A 3.30 3.70 H+ no U
2012-10-15 13:10 2012-10-15 14:00 B 1.40 2.70 H+ no U
2012-10-15 13:50 2012-10-15 14:34 B 2.80 4.70 H+ yes U
2012-10-15 14:46 2012-10-15 15:06 B 0.42 0.72 O+ no PP
2012-10-15 16:30 2012-10-15 17:03 A 2.20 2.80 H+ yes U
2012-10-15 20:14 2012-10-15 20:34 A 0.57 1.34 He+ no PP
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2012-10-16 01:16 2012-10-16 01:39 B 0.44 0.72 O+ no PP
2012-10-16 02:10 2012-10-16 02:33 B 0.81 1.17 He+ no U
2012-10-16 02:19 2012-10-16 02:28 A 0.94 1.21 He+ yes PP
2012-10-16 04:29 2012-10-16 04:42 A 0.70 0.88 O+ yes PP
2012-10-16 06:58 2012-10-16 07:47 B 1.40 1.90 H+ no U
2012-10-16 08:09 2012-10-16 08:18 B 2.88 3.24 H+ no U
2012-10-16 08:13 2012-10-16 08:47 B 1.26 1.70 He+ no U
2012-10-16 08:38 2012-10-16 09:08 B 0.90 1.35 O+ no U
2012-10-16 10:22 2012-10-16 10:39 B 0.92 1.13 O+ yes PP
2012-10-16 10:32 2012-10-16 10:41 A 0.65 0.96 He+ yes U
2012-10-16 11:06 2012-10-16 11:17 A 1.15 1.75 He+ no U
2012-10-16 11:18 2012-10-16 11:32 B 0.95 1.30 He+ no U
2012-10-16 16:38 2012-10-16 17:09 B 0.91 1.15 He+ no PP
2012-10-16 16:53 2012-10-16 17:04 B 2.20 2.65 H+ no PP
2012-10-16 17:46 2012-10-16 18:06 B 0.80 1.10 O+ no U
2012-10-16 20:55 2012-10-16 21:16 A 0.81 1.09 O+ yes PP
2012-10-16 23:38 2012-10-16 23:47 A 0.72 0.83 He+ no PP
2012-10-17 02:22 2012-10-17 02:34 B 1.20 1.73 He+ no U
2012-10-17 05:14 2012-10-17 05:27 B 1.15 1.43 He+ no U
2012-10-17 10:53 2012-10-17 11:15 B 0.50 1.30 He+ no U
2012-10-18 05:20 2012-10-18 05:37 B 0.84 1.57 He+ no PP
2012-10-18 05:39 2012-10-18 06:18 B 0.77 1.15 O+ no PP
2012-10-19 08:36 2012-10-19 08:44 B 1.50 1.91 He+ no U
2012-10-20 05:00 2012-10-20 05:13 A 1.11 1.40 He+ no PP
2012-10-21 07:51 2012-10-21 07:54 A 0.64 0.71 He+ no U
2012-10-23 14:40 2012-10-23 15:00 B 0.60 0.80 He+ yes U
2012-10-23 16:40 2012-10-23 17:02 A 0.60 1.35 He+ yes U
2012-10-30 15:20 2012-10-30 16:52 A 0.13 0.22 O+ no U
2012-10-31 09:30 2012-10-31 10:02 A 0.14 0.29 O+ no U
2012-10-31 18:33 2012-10-31 18:50 B 0.24 0.43 O+ no U
2012-10-31 22:23 2012-10-31 22:30 B 0.90 1.40 H+ no U
2012-10-31 23:41 2012-10-31 23:56 A 0.45 0.80 He+ no U
2012-11-01 02:39 2012-11-01 02:54 B 0.33 0.48 He+ yes U
2012-11-01 02:58 2012-11-01 04:19 B 0.33 0.57 O+ no U
2012-11-01 03:30 2012-11-01 03:57 A 0.36 0.49 He+ yes U
2012-11-01 07:22 2012-11-01 07:27 B 0.44 0.57 He+ yes U
2012-11-01 07:36 2012-11-01 07:49 A 0.77 0.95 He+ yes U
2012-11-01 10:26 2012-11-01 10:37 A 0.19 0.29 He+ no U
2012-11-01 14:57 2012-11-01 15:07 B 0.55 1.40 He+ yes U
2012-11-01 15:57 2012-11-01 16:14 A 1.10 1.90 He+ yes U
2012-11-02 14:39 2012-11-02 15:01 B 1.37 1.72 H+ yes U
2012-11-02 14:50 2012-11-02 16:01 A 0.80 2.20 H+ yes U
2012-11-02 15:49 2012-11-02 15:57 B 1.50 2.03 He+ no U
2012-11-02 16:02 2012-11-02 16:08 B 0.75 1.10 O+ no U
2012-11-03 08:54 2012-11-03 09:29 A 0.38 0.55 He+ no U
2012-11-03 09:51 2012-11-03 10:07 B 0.42 0.64 O+ yes U
2012-11-03 10:10 2012-11-03 10:58 A 0.30 0.90 O+ yes U
2012-11-03 21:25 2012-11-03 22:19 B 0.60 0.74 He+ no U
2012-11-04 03:17 2012-11-04 04:09 A 0.50 0.80 He+ no U
2012-11-05 19:04 2012-11-05 19:07 A 3.20 3.90 H+ no U
2012-11-06 16:53 2012-11-06 18:46 B 1.80 2.80 H+ yes PP
2012-11-06 16:56 2012-11-06 19:00 A 1.90 2.70 H+ yes PP
2012-11-06 18:15 2012-11-06 18:40 B 3.90 6.20 H+ no U
2012-11-06 18:44 2012-11-06 19:18 B 1.90 2.80 He+ yes U
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2012-11-06 19:03 2012-11-06 19:38 A 1.80 3.00 He+ yes U
2012-11-06 23:45 2012-11-07 01:30 B 0.69 1.02 H+ yes U
2012-11-06 23:46 2012-11-07 01:31 A 0.74 1.01 H+ yes U
2012-11-07 13:15 2012-11-07 13:31 A 0.55 0.87 He+ no U
2012-11-08 14:32 2012-11-08 16:05 A 0.18 0.27 O+ yes PP
2012-11-08 14:32 2012-11-08 16:05 B 0.18 0.27 O+ yes PP
2012-11-09 22:06 2012-11-09 22:23 A 0.67 0.83 He+ yes PP
2012-11-09 22:06 2012-11-09 22:22 B 0.68 0.81 He+ yes PP
2012-11-10 03:25 2012-11-10 03:48 A 0.59 0.65 He+ yes PP
2012-11-10 03:40 2012-11-10 03:49 B 0.58 0.67 He+ yes PP
2012-11-10 04:09 2012-11-10 04:42 A 0.45 0.64 O+ yes PP
2012-11-10 04:18 2012-11-10 04:52 B 0.43 0.62 O+ yes PP
2012-11-11 05:53 2012-11-11 07:11 B 0.53 0.85 He+ yes PP
2012-11-11 06:01 2012-11-11 06:52 A 0.57 0.75 He+ yes PP
2012-11-11 07:07 2012-11-11 07:46 A 0.48 0.59 O+ yes PP
2012-11-12 16:27 2012-11-12 17:04 A 0.18 0.34 He+ yes U
2012-11-12 16:28 2012-11-12 17:03 B 0.16 0.33 He+ yes U
2012-11-12 18:33 2012-11-12 19:06 B 0.17 0.29 O+ no U
2012-11-13 02:56 2012-11-13 03:05 B 1.42 1.85 H+ no U
2012-11-14 00:31 2012-11-14 00:35 A 0.70 0.89 He+ yes U
2012-11-14 01:03 2012-11-14 01:14 B 0.60 1.20 He+ yes PP
2012-11-14 07:45 2012-11-14 07:57 B 1.20 2.30 He+ no U
2012-11-14 09:42 2012-11-14 09:46 B 4.00 4.90 He+ no U
2012-11-14 16:04 2012-11-14 16:09 A 1.90 2.70 He+ yes U
2012-11-14 16:54 2012-11-14 16:59 B 2.40 3.40 He+ yes U
2012-11-15 05:15 2012-11-15 06:48 B 0.39 0.58 He+ no U
2012-11-15 07:26 2012-11-15 08:49 A 0.32 0.60 He+ no PP
2012-11-15 08:02 2012-11-15 08:20 B 0.29 0.37 He+ no U
2012-11-15 08:08 2012-11-15 08:19 A 0.17 0.19 He+ no U
2012-11-15 08:59 2012-11-15 09:21 A 0.60 1.03 He+ no U
2012-11-15 09:18 2012-11-15 10:05 B 0.50 0.68 He+ no U
2012-11-15 09:37 2012-11-15 10:02 A 0.60 1.70 He+ no U
2012-11-15 10:21 2012-11-15 11:09 B 0.25 0.38 O+ no U
2012-11-15 10:43 2012-11-15 11:15 B 0.56 1.06 O+ no U
2012-11-15 13:46 2012-11-15 14:11 B 0.55 0.90 He+ no U
2012-11-16 03:16 2012-11-16 03:47 A 0.78 0.98 He+ yes U
2012-11-16 04:05 2012-11-16 04:25 A 0.77 0.99 O+ yes U
2012-11-16 04:44 2012-11-16 05:27 B 0.57 1.00 O+ yes U
2012-11-16 12:19 2012-11-16 12:29 A 0.60 0.70 He+ no PP
2012-11-16 12:49 2012-11-16 13:19 A 0.44 0.58 O+ yes PP
2012-11-16 13:40 2012-11-16 14:13 B 0.35 0.59 O+ yes U
2012-11-17 00:35 2012-11-17 00:46 A 0.91 1.02 He+ yes U
2012-11-17 01:45 2012-11-17 01:57 B 0.69 0.95 He+ yes U
2012-11-17 06:06 2012-11-17 06:19 A 2.05 2.40 H+ yes U
2012-11-17 06:29 2012-11-17 07:22 B 1.17 1.80 H+ yes U
2012-11-17 06:54 2012-11-17 07:13 A 0.64 0.72 O+ yes U
2012-11-17 06:59 2012-11-17 07:41 B 2.63 3.20 H+ no PP
2012-11-17 08:15 2012-11-17 08:34 B 0.64 1.00 O+ yes U
2012-11-17 14:19 2012-11-17 14:36 A 0.64 0.76 He+ yes U
2012-11-17 15:36 2012-11-17 16:13 B 0.56 0.72 He+ yes U
2012-11-17 17:09 2012-11-17 17:23 B 0.54 0.64 O+ no PP
2012-11-18 01:42 2012-11-18 01:51 B 1.20 1.43 He+ no U
2012-11-18 09:52 2012-11-18 10:26 B 1.91 2.36 H+ no PP
2012-11-18 20:40 2012-11-18 20:43 A 0.66 0.77 O+ no U
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2012-11-18 21:08 2012-11-18 22:00 A 0.85 1.08 He+ no PP
2012-11-19 04:14 2012-11-19 04:32 B 0.73 1.03 He+ no U
2012-11-19 21:11 2012-11-19 21:22 A 0.95 1.23 He+ no U
2012-11-23 03:07 2012-11-23 03:57 A 0.68 0.76 H+ no PP
2012-11-23 22:11 2012-11-23 22:17 A 1.60 1.93 H+ no U
2012-11-23 22:29 2012-11-23 22:50 B 0.70 1.05 H+ no U
2012-11-24 02:49 2012-11-24 02:50 A 1.02 1.35 He+ no U
2012-11-24 02:54 2012-11-24 02:56 A 1.55 1.75 He+ no U
2012-11-24 05:24 2012-11-24 05:42 B 0.22 0.62 He+ no U
2012-11-24 05:51 2012-11-24 05:58 B 0.53 0.61 He+ no U
2012-11-24 08:46 2012-11-24 09:07 A 0.70 1.30 He+ yes U
2012-11-24 08:51 2012-11-24 09:33 A 3.10 3.94 H+ no PP
2012-11-24 09:21 2012-11-24 09:33 A 0.90 2.50 He+ yes U
2012-11-24 11:20 2012-11-24 11:40 B 1.30 3.30 He+ yes U
2012-11-24 13:05 2012-11-24 13:25 A 0.37 0.52 He+ no U
2012-11-24 13:13 2012-11-24 13:39 A 0.22 0.34 He+ no U
2012-11-24 14:21 2012-11-24 15:53 A 0.85 1.39 H+ yes U
2012-11-24 14:40 2012-11-24 14:45 B 0.35 0.46 He+ yes U
2012-11-24 15:31 2012-11-24 17:03 B 0.72 1.11 H+ yes U
2012-11-24 20:58 2012-11-24 21:01 A 0.71 0.95 He+ no U
2012-11-25 04:48 2012-11-25 05:28 B 0.24 0.44 O+ no U
2012-11-25 09:13 2012-11-25 10:16 A 0.14 0.29 He+ no U
2012-11-26 00:31 2012-11-26 00:39 A 0.58 0.66 He+ no U
2012-11-26 07:15 2012-11-26 07:35 B 0.66 0.90 He+ no U
2012-11-28 07:07 2012-11-28 10:03 A 0.70 0.97 H+ no U
2012-11-28 10:24 2012-11-28 11:10 A 0.54 0.73 He+ no PP
2012-11-30 14:25 2012-11-30 16:22 B 0.20 0.83 He+ no PP
2012-12-09 14:10 2012-12-09 14:36 A 0.62 0.77 H+ no U
2012-12-12 03:59 2012-12-12 05:21 A 0.30 0.36 He+ no U
2012-12-13 16:04 2012-12-13 16:31 A 0.66 0.87 H+ no U
2012-12-13 19:21 2012-12-13 19:48 B 0.97 1.10 He+ no U
2012-12-15 15:55 2012-12-15 17:07 A 0.18 0.24 He+ no U
2012-12-15 18:56 2012-12-15 19:16 B 0.27 0.41 He+ no U
2012-12-17 09:21 2012-12-17 09:31 A 0.23 0.37 He+ no U
2012-12-17 09:54 2012-12-17 10:19 A 0.33 0.44 He+ no U
2012-12-18 11:30 2012-12-18 11:41 A 0.39 0.51 He+ no U
2012-12-23 00:46 2012-12-23 01:26 B 0.20 0.35 O+ no U
2012-12-27 12:52 2012-12-27 14:12 A 0.14 0.21 He+ yes U
2012-12-27 15:14 2012-12-27 16:13 A 0.16 0.29 O+ no U
2012-12-27 19:04 2012-12-27 20:34 B 0.17 0.23 He+ yes U
2012-12-27 21:06 2012-12-27 21:31 A 0.44 0.52 He+ no PP
2012-12-28 07:57 2012-12-28 09:30 A 0.36 0.54 He+ yes U
2012-12-28 11:45 2012-12-28 13:40 B 0.31 0.59 He+ yes U
2012-12-29 18:09 2012-12-29 18:21 B 0.89 1.05 H+ no U
2012-12-29 22:44 2012-12-29 23:10 B 0.58 1.20 He+ no U
2013-01-03 13:42 2013-01-03 14:32 A 0.43 0.64 He+ no U
2013-01-06 15:58 2013-01-06 16:25 B 0.46 0.70 He+ no U
2013-01-06 22:35 2013-01-06 22:54 A 0.95 1.08 H+ no U
2013-01-09 06:16 2013-01-09 07:27 A 0.31 0.45 He+ no U
2013-01-12 05:03 2013-01-12 05:28 B 0.22 0.28 He+ no U
2013-01-13 20:27 2013-01-13 20:34 A 0.37 0.44 He+ no U
2013-01-14 02:42 2013-01-14 02:57 B 0.14 0.22 He+ yes U
2013-01-14 02:45 2013-01-14 02:55 A 0.16 0.21 He+ yes U
2013-01-14 04:31 2013-01-14 04:57 B 0.46 0.62 He+ yes U
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2013-01-14 04:54 2013-01-14 05:14 A 0.48 0.63 He+ yes U
2013-01-14 04:58 2013-01-14 05:32 B 0.40 0.64 He+ no U
2013-01-14 05:21 2013-01-14 05:34 A 0.66 0.77 He+ no U
2013-01-14 06:28 2013-01-14 06:37 A 0.77 1.90 He+ no U
2013-01-14 09:23 2013-01-14 09:28 B 0.72 0.87 He+ no U
2013-01-14 10:01 2013-01-14 10:10 B 0.45 0.58 He+ no U
2013-01-17 01:50 2013-01-17 04:50 A 0.50 1.25 H+ yes U
2013-01-17 01:50 2013-01-17 04:50 B 0.50 1.20 H+ yes U
2013-01-17 14:02 2013-01-17 14:25 B 0.80 1.45 H+ yes U
2013-01-17 14:05 2013-01-17 14:18 A 0.95 1.35 H+ yes U
2013-01-17 17:29 2013-01-17 17:55 B 1.80 3.50 He+ yes U
2013-01-17 17:32 2013-01-17 17:51 A 2.00 3.70 He+ yes U
2013-01-17 17:48 2013-01-17 17:49 A 0.85 1.80 He+ yes U
2013-01-17 17:52 2013-01-17 17:54 B 1.00 1.70 He+ yes U
2013-01-18 06:15 2013-01-18 07:23 B 0.72 1.04 H+ yes U
2013-01-18 06:22 2013-01-18 07:22 A 0.71 0.92 H+ yes U
2013-01-18 07:52 2013-01-18 09:09 A 0.35 1.40 He+ yes U
2013-01-18 08:06 2013-01-18 09:08 B 0.35 1.10 He+ yes U
2013-01-18 09:14 2013-01-18 09:31 A 0.28 0.50 O+ yes U
2013-01-18 09:41 2013-01-18 09:47 B 0.33 0.70 O+ yes U
2013-01-18 12:50 2013-01-18 13:04 A 0.60 1.40 He+ yes U
2013-01-18 12:50 2013-01-18 13:04 B 0.60 1.30 He+ yes U
2013-01-18 13:35 2013-01-18 13:56 A 0.63 0.90 H+ yes U
2013-01-18 13:35 2013-01-18 13:57 B 0.60 0.89 H+ yes U
2013-01-18 21:01 2013-01-18 21:19 A 1.50 2.10 H+ yes U
2013-01-18 21:13 2013-01-18 21:28 B 1.40 2.10 H+ yes U
2013-01-19 01:10 2013-01-19 01:45 A 0.17 0.63 He+ no U
2013-01-19 23:37 2013-01-19 23:46 B 1.50 1.88 He+ no U
2013-01-20 10:04 2013-01-20 10:23 A 0.21 0.48 He+ yes U
2013-01-20 10:11 2013-01-20 10:57 B 0.32 0.46 He+ yes U
2013-01-23 21:08 2013-01-23 23:16 A 0.31 0.48 He+ yes PP
2013-01-23 22:42 2013-01-23 23:53 B 0.36 0.51 He+ yes PP
2013-01-24 03:36 2013-01-24 03:54 A 2.21 2.52 H+ no U
2013-01-25 01:28 2013-01-25 02:29 A 0.53 0.64 He+ yes U
2013-01-25 01:28 2013-01-25 01:57 A 0.37 0.44 He+ yes U
2013-01-25 01:53 2013-01-25 02:27 B 0.35 0.45 He+ yes U
2013-01-25 01:54 2013-01-25 02:49 B 0.50 0.65 He+ yes PP
2013-01-25 02:35 2013-01-25 03:01 B 0.67 0.78 He+ no PP
2013-01-25 23:48 2013-01-26 00:13 B 0.45 0.81 O+ no U
2013-01-25 23:58 2013-01-26 00:32 B 1.60 3.20 He+ no U
2013-01-26 00:32 2013-01-26 00:46 B 1.80 3.70 H+ no U
2013-01-26 08:55 2013-01-26 09:05 A 1.10 3.50 H+ yes PP
2013-01-26 09:05 2013-01-26 09:32 B 2.00 3.30 He+ yes U
2013-01-26 13:35 2013-01-26 13:42 A 3.10 3.45 H+ no U
2013-01-28 01:20 2013-01-28 01:42 A 0.90 1.24 H+ no U
2013-01-28 14:42 2013-01-28 15:08 A 0.21 0.80 He+ no U
2013-01-29 13:57 2013-01-29 15:34 B 0.14 0.54 He+ no U
2013-01-29 13:59 2013-01-29 15:15 A 0.15 0.40 O+ no U
2013-01-30 17:48 2013-01-30 18:41 B 0.40 0.75 He+ no PP
2013-01-31 11:25 2013-01-31 11:47 A 0.32 0.40 O+ yes U
2013-02-01 00:19 2013-02-01 00:50 B 0.21 0.62 O+ no U
2013-02-01 01:51 2013-02-01 02:05 B 0.50 0.64 He+ no PP
2013-02-01 10:17 2013-02-01 10:44 A 0.35 0.49 He+ no U
2013-02-01 10:17 2013-02-01 10:43 A 0.60 0.83 H+ no U
Continued on next page
179
Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2013-02-01 11:28 2013-02-01 11:34 B 0.74 1.16 H+ no PP
2013-02-01 17:14 2013-02-01 17:44 A 0.20 0.80 O+ no U
2013-02-01 19:23 2013-02-01 21:39 A 0.69 1.03 H+ no U
2013-02-01 20:52 2013-02-01 22:55 B 0.15 0.43 He+ no PP
2013-02-07 10:34 2013-02-07 10:55 A 0.17 0.22 O+ yes U
2013-02-07 11:40 2013-02-07 12:25 A 0.23 0.33 He+ no U
2013-02-07 11:56 2013-02-07 12:23 B 0.10 0.18 O+ yes U
2013-02-07 20:22 2013-02-07 20:40 B 0.23 0.80 He+ no U
2013-02-08 03:21 2013-02-08 03:36 A 0.76 0.98 H+ no U
2013-02-08 03:37 2013-02-08 04:01 A 0.16 0.42 He+ no U
2013-02-08 14:00 2013-02-08 14:09 A 0.11 0.17 He+ no U
2013-02-11 20:49 2013-02-11 21:02 A 0.65 1.20 H+ no U
2013-02-11 22:27 2013-02-11 22:46 B 0.90 1.50 He+ no U
2013-02-12 03:39 2013-02-12 03:44 B 1.08 1.37 H+ no U
2013-02-13 12:26 2013-02-13 14:08 B 0.19 0.29 He+ no U
2013-02-13 13:09 2013-02-13 13:58 B 0.30 0.35 He+ no U
2013-02-13 19:43 2013-02-13 19:55 B 1.50 2.50 He+ no PP
2013-02-13 20:21 2013-02-13 20:28 B 1.80 2.30 H+ no U
2013-02-14 02:08 2013-02-14 02:59 A 0.21 0.41 He+ no U
2013-02-15 12:42 2013-02-15 13:16 B 0.73 1.30 H+ no PP
2013-02-15 13:18 2013-02-15 13:34 A 0.30 0.40 O+ no U
2013-02-16 13:41 2013-02-16 14:01 A 0.37 0.67 O+ no PP
2013-02-16 16:50 2013-02-16 16:56 B 3.90 4.60 H+ no PP
2013-02-16 17:18 2013-02-16 17:28 B 6.80 8.50 H+ no U
2013-02-17 05:12 2013-02-17 05:29 A 0.77 1.34 H+ no PP
2013-02-19 04:48 2013-02-19 05:17 B 0.25 0.42 He+ no PP
2013-02-19 07:57 2013-02-19 08:21 A 0.28 0.67 He+ no PP
2013-02-20 04:05 2013-02-20 04:50 A 0.91 1.02 H+ no U
2013-02-21 21:20 2013-02-21 21:29 B 0.30 0.50 He+ no U
2013-02-22 12:23 2013-02-22 12:33 B 0.33 0.47 He+ no U
2013-02-23 19:51 2013-02-23 20:20 B 0.06 0.18 O+ no U
2013-02-24 10:25 2013-02-24 10:45 B 0.27 0.32 He+ no PP
2013-02-25 07:47 2013-02-25 08:30 B 0.35 0.55 He+ no PP
2013-02-25 08:21 2013-02-25 09:29 B 0.19 0.44 O+ no U
2013-02-25 15:19 2013-02-25 15:27 B 0.66 0.84 H+ yes U
2013-02-25 18:18 2013-02-25 19:11 A 0.65 1.03 H+ yes PP
2013-02-25 22:33 2013-02-25 22:54 B 0.60 0.93 H+ yes U
2013-02-26 01:56 2013-02-26 02:26 A 0.38 0.51 He+ no PP
2013-02-26 08:44 2013-02-26 08:49 B 0.80 1.03 H+ no U
2013-02-26 09:27 2013-02-26 10:01 A 0.76 1.28 He+ no U
2013-02-27 20:52 2013-02-27 21:05 B 0.61 0.80 H+ no PP
2013-02-28 08:13 2013-02-28 08:23 A 0.36 0.53 He+ no PP
2013-02-28 08:14 2013-02-28 08:26 A 0.54 1.32 H+ no PP
2013-02-28 21:57 2013-02-28 22:03 B 0.90 1.35 H+ no U
2013-03-01 08:52 2013-03-01 09:17 A 2.30 4.00 He+ no PP
2013-03-01 09:21 2013-03-01 09:28 A 2.60 5.80 H+ no U
2013-03-01 12:31 2013-03-01 12:52 B 0.90 1.90 He+ yes U
2013-03-01 14:31 2013-03-01 15:13 A 0.22 0.63 He+ no U
2013-03-01 15:33 2013-03-01 16:04 A 1.15 2.10 He+ yes U
2013-03-02 00:20 2013-03-02 00:27 B 0.37 0.98 He+ yes U
2013-03-02 04:13 2013-03-02 04:22 A 0.27 0.49 He+ no U
2013-03-02 14:04 2013-03-02 14:48 B 0.30 0.58 He+ no U
2013-03-05 00:38 2013-03-05 00:53 A 0.40 0.49 O+ no U
2013-03-05 17:57 2013-03-05 18:09 A 0.63 0.77 He+ no U
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2013-03-05 18:49 2013-03-05 19:15 A 0.65 0.94 O+ no U
2013-03-06 12:37 2013-03-06 13:06 A 0.36 0.55 O+ no U
2013-03-09 08:22 2013-03-09 08:37 A 0.22 0.28 He+ no U
2013-03-09 12:14 2013-03-09 12:31 A 0.17 0.28 O+ no U
2013-03-10 17:00 2013-03-10 17:25 B 0.30 0.66 He+ no U
2013-03-12 18:43 2013-03-12 18:50 A 0.27 0.35 He+ no U
2013-03-13 21:49 2013-03-13 22:10 B 0.69 0.85 He+ no PP
2013-03-14 12:39 2013-03-14 13:01 B 0.29 0.46 He+ no PP
2013-03-14 13:13 2013-03-14 13:38 A 0.90 1.02 H+ yes U
2013-03-15 05:42 2013-03-15 05:59 B 0.55 1.10 H+ yes U
2013-03-15 05:53 2013-03-15 06:30 B 0.11 0.32 He+ yes U
2013-03-15 06:01 2013-03-15 06:41 A 0.58 0.92 He+ no U
2013-03-15 06:32 2013-03-15 07:10 A 0.60 1.40 H+ yes U
2013-03-15 06:55 2013-03-15 07:18 A 0.28 0.54 He+ yes U
2013-03-15 09:13 2013-03-15 09:27 A 0.26 0.31 He+ no PP
2013-03-15 09:33 2013-03-15 09:45 B 1.30 1.58 H+ no U
2013-03-16 08:34 2013-03-16 08:42 B 0.40 0.51 He+ no U
2013-03-16 10:03 2013-03-16 10:29 A 0.10 0.15 O+ no U
2013-03-16 11:35 2013-03-16 12:42 A 0.17 0.45 He+ no U
2013-03-17 15:52 2013-03-17 16:20 B 0.25 1.30 He+ no U
2013-03-17 16:59 2013-03-17 17:07 B 2.90 4.10 He+ yes U
2013-03-17 17:00 2013-03-17 17:15 B 1.60 4.20 He+ yes U
2013-03-17 18:03 2013-03-17 18:23 A 2.60 4.50 He+ yes U
2013-03-17 18:11 2013-03-17 18:31 A 1.70 4.70 He+ yes U
2013-03-17 20:07 2013-03-17 20:12 A 1.10 1.90 He+ no PP
2013-03-18 02:04 2013-03-18 02:13 B 1.00 3.20 He+ yes U
2013-03-18 03:12 2013-03-18 03:18 A 1.70 2.80 He+ yes U
2013-03-18 03:36 2013-03-18 03:41 B 3.20 7.30 He+ yes U
2013-03-18 04:45 2013-03-18 04:50 A 2.00 6.30 He+ yes U
2013-03-18 05:00 2013-03-18 05:12 A 0.40 3.50 O+ no U
2013-03-18 05:05 2013-03-18 05:08 A 6.00 8.80 H+ no U
2013-03-18 21:14 2013-03-18 21:28 A 1.80 4.30 He+ no U
2013-03-19 03:30 2013-03-19 04:01 B 0.50 0.65 He+ no PP
2013-03-20 08:25 2013-03-20 08:34 A 1.90 2.60 H+ no U
2013-03-20 08:32 2013-03-20 08:52 A 1.90 2.60 He+ no PP
2013-03-20 13:21 2013-03-20 13:25 A 0.21 0.28 He+ no U
2013-03-20 13:42 2013-03-20 13:55 A 0.20 0.33 He+ no U
2013-03-20 16:40 2013-03-20 16:46 B 1.27 1.39 He+ yes U
2013-03-20 17:19 2013-03-20 17:27 A 1.15 1.32 He+ yes U
2013-03-22 14:44 2013-03-22 15:16 A 0.57 0.93 O+ no U
2013-03-22 18:32 2013-03-22 18:50 A 0.31 0.54 He+ no U
2013-03-22 21:57 2013-03-22 22:13 B 0.68 0.80 He+ no U
2013-03-23 22:35 2013-03-23 22:41 B 0.51 0.75 H+ yes U
2013-03-23 22:36 2013-03-23 22:41 A 0.53 0.85 H+ yes U
2013-03-24 06:56 2013-03-24 07:06 B 0.52 0.93 H+ yes U
2013-03-24 06:56 2013-03-24 07:06 B 0.29 0.42 He+ yes PP
2013-03-24 07:03 2013-03-24 07:16 A 0.53 0.85 H+ yes U
2013-03-24 07:06 2013-03-24 07:16 A 0.32 0.45 He+ yes PP
2013-03-27 00:36 2013-03-27 01:10 B 0.39 0.63 He+ yes U
2013-03-27 00:40 2013-03-27 01:11 A 0.36 0.65 He+ yes U
2013-03-27 04:47 2013-03-27 05:49 B 1.90 4.20 H+ yes U
2013-03-27 04:55 2013-03-27 05:48 A 1.80 3.40 H+ yes U
2013-03-27 06:07 2013-03-27 06:16 A 0.73 1.40 H+ yes U
2013-03-27 06:11 2013-03-27 06:17 B 0.74 1.40 H+ yes U
Continued on next page
181
Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2013-03-27 20:15 2013-03-27 20:18 A 1.08 1.25 He+ no U
2013-03-27 20:40 2013-03-27 20:49 A 5.20 5.44 He+ yes U
2013-03-27 20:41 2013-03-27 20:48 B 5.20 5.90 H+ yes U
2013-03-30 02:05 2013-03-30 02:31 A 0.90 2.00 He+ yes U
2013-03-30 02:29 2013-03-30 02:48 B 0.90 1.60 He+ yes U
2013-03-30 04:26 2013-03-30 04:31 A 0.48 1.00 O+ no U
2013-03-30 09:06 2013-03-30 09:38 A 0.06 0.14 O+ yes U
2013-03-30 09:55 2013-03-30 10:43 A 0.40 0.75 He+ no U
2013-03-30 10:50 2013-03-30 10:53 A 0.23 0.40 O+ yes U
2013-03-30 11:19 2013-03-30 11:20 B 0.22 0.35 O+ yes U
2013-03-30 19:34 2013-03-30 19:46 A 0.80 1.30 He+ no U
2013-03-31 05:47 2013-03-31 06:29 B 0.83 1.01 O+ no PP
2013-03-31 22:29 2013-03-31 22:44 A 1.01 1.34 He+ yes PP
2013-03-31 23:04 2013-03-31 23:48 A 0.96 1.32 O+ yes PP
2013-03-31 23:23 2013-04-01 00:01 B 0.96 1.25 He+ yes U
2013-04-01 08:11 2013-04-01 08:44 A 1.00 1.32 O+ yes PP
2013-04-01 08:37 2013-04-01 09:00 B 0.97 1.47 He+ yes PP
2013-04-01 09:08 2013-04-01 09:24 B 1.10 1.38 O+ yes U
2013-04-01 17:13 2013-04-01 17:23 A 2.28 2.59 He+ no U
2013-04-01 17:35 2013-04-01 18:16 B 6.05 6.70 H+ no U
2013-04-02 01:19 2013-04-02 01:33 A 0.81 0.97 He+ yes U
2013-04-02 01:55 2013-04-02 02:19 B 0.72 0.98 He+ yes PP
2013-04-02 10:15 2013-04-02 10:47 A 0.70 0.92 He+ yes U
2013-04-04 04:07 2013-04-04 04:15 B 0.38 0.53 He+ no U
2013-04-06 00:56 2013-04-06 01:17 A 0.78 0.98 H+ no U
2013-04-07 11:50 2013-04-07 12:06 A 0.20 0.65 He+ no U
2013-04-07 14:34 2013-04-07 14:49 A 0.21 0.30 He+ no PP
2013-04-07 17:28 2013-04-07 17:39 B 0.44 0.59 He+ no PP
2013-04-08 06:55 2013-04-08 08:22 A 0.40 1.20 H+ no U
2013-04-10 21:41 2013-04-10 21:51 B 0.80 1.05 He+ no U
2013-04-10 21:48 2013-04-10 22:35 B 0.92 1.50 H+ no U
2013-04-11 23:40 2013-04-12 00:01 A 0.28 0.60 He+ no PP
2013-04-14 01:48 2013-04-14 02:04 A 0.40 0.52 O+ no PP
2013-04-14 02:30 2013-04-14 02:50 B 0.12 0.28 O+ no U
2013-04-14 14:52 2013-04-14 15:09 A 0.30 0.42 He+ no PP
2013-04-14 18:46 2013-04-14 19:00 B 0.27 0.32 He+ no U
2013-04-20 05:58 2013-04-20 06:33 A 0.42 0.74 H+ yes U
2013-04-20 07:15 2013-04-20 07:31 A 0.65 0.75 H+ no PP
2013-04-22 18:44 2013-04-22 18:55 A 0.16 0.22 O+ no PP
2013-04-22 23:11 2013-04-22 23:56 A 0.44 0.77 He+ no U
2013-04-23 01:24 2013-04-23 01:38 B 0.26 0.80 He+ yes U
2013-04-23 03:23 2013-04-23 03:59 B 0.16 0.24 O+ no PP
2013-04-23 08:02 2013-04-23 08:39 B 0.76 1.30 H+ no U
2013-04-23 19:32 2013-04-23 20:14 B 0.72 0.99 H+ no PP
2013-04-23 21:10 2013-04-23 21:31 B 0.79 1.22 H+ no U
2013-04-23 22:51 2013-04-23 23:13 A 0.22 0.51 He+ no U
2013-04-24 06:27 2013-04-24 06:52 A 0.76 0.97 He+ no U
2013-04-24 07:26 2013-04-24 07:45 A 0.34 0.55 He+ no U
2013-04-24 10:32 2013-04-24 10:44 B 1.37 1.72 H+ yes U
2013-04-25 08:48 2013-04-25 08:50 A 2.00 3.40 He+ no U
2013-04-25 18:02 2013-04-25 18:23 A 0.32 0.71 O+ no U
2013-04-26 08:13 2013-04-26 08:43 B 0.15 0.41 He+ no U
2013-04-28 10:52 2013-04-28 11:13 A 0.58 0.97 H+ no U
2013-04-28 11:21 2013-04-28 11:35 A 0.23 0.40 He+ no U
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2013-04-28 20:29 2013-04-28 20:38 A 0.26 0.39 He+ no U
2013-04-30 21:46 2013-04-30 22:04 B 0.37 0.90 H+ no U
2013-05-01 05:10 2013-05-01 05:11 A 0.47 0.55 He+ no U
2013-05-01 05:22 2013-05-01 05:26 A 0.40 0.55 He+ no U
2013-05-01 11:25 2013-05-01 11:27 B 1.70 2.50 He+ yes U
2013-05-01 15:40 2013-05-01 15:44 A 2.10 2.80 He+ yes U
2013-05-01 17:56 2013-05-01 18:01 A 1.26 1.49 He+ no U
2013-05-01 19:50 2013-05-01 19:53 B 2.25 2.70 H+ no U
2013-05-01 20:22 2013-05-01 20:31 B 1.30 4.00 He+ yes U
2013-05-02 07:38 2013-05-02 07:55 B 0.35 0.58 O+ no PP
2013-05-02 15:51 2013-05-02 16:04 A 0.21 0.26 He+ no PP
2013-05-02 17:12 2013-05-02 17:26 A 0.52 0.69 He+ no U
2013-05-02 21:05 2013-05-02 21:20 A 0.65 1.30 He+ no U
2013-05-04 01:35 2013-05-04 01:54 B 0.46 0.76 He+ no U
2013-05-04 23:36 2013-05-04 23:49 A 1.00 1.24 He+ no PP
2013-05-05 08:51 2013-05-05 09:07 A 0.64 0.90 He+ no U
2013-05-06 02:14 2013-05-06 02:33 B 0.64 0.73 He+ no U
2013-05-06 11:10 2013-05-06 11:14 B 0.31 0.46 O+ no U
2013-05-06 12:48 2013-05-06 13:18 B 0.51 1.06 H+ no U
2013-05-07 06:30 2013-05-07 06:48 A 1.05 1.55 O+ no PP
2013-05-07 12:40 2013-05-07 13:53 A 0.18 0.33 He+ no PP
2013-05-08 08:22 2013-05-08 09:02 B 0.17 0.61 O+ no U
2013-05-13 23:23 2013-05-13 23:43 B 0.12 0.21 O+ no U
2013-05-14 08:49 2013-05-14 09:24 B 0.44 1.15 He+ no U
2013-05-14 09:11 2013-05-14 09:28 B 1.00 1.80 H+ yes U
2013-05-14 10:04 2013-05-14 10:11 B 0.25 0.52 He+ yes U
2013-05-14 11:35 2013-05-14 12:05 A 1.00 2.20 H+ yes U
2013-05-14 12:04 2013-05-14 12:12 A 0.30 0.80 He+ yes U
2013-05-15 09:09 2013-05-15 09:14 A 0.40 0.64 He+ no U
2013-05-15 09:51 2013-05-15 10:19 A 0.69 1.11 H+ no PP
2013-05-15 13:05 2013-05-15 13:24 B 0.60 1.80 H+ no U
2013-05-15 14:02 2013-05-15 14:10 A 0.32 0.47 O+ no U
2013-05-15 14:10 2013-05-15 14:24 A 2.63 3.14 H+ no U
2013-05-15 14:47 2013-05-15 15:01 A 3.35 3.68 H+ no U
2013-05-17 12:42 2013-05-17 12:50 A 0.20 0.67 He+ no U
2013-05-18 02:54 2013-05-18 03:00 B 0.40 1.30 He+ no PP
2013-05-18 04:48 2013-05-18 04:52 A 1.60 2.50 He+ no U
2013-05-18 05:10 2013-05-18 05:12 A 3.40 4.10 H+ no U
2013-05-18 12:16 2013-05-18 12:19 B 0.47 0.72 He+ no U
2013-05-19 04:50 2013-05-19 05:04 A 0.33 0.55 O+ no U
2013-05-19 07:05 2013-05-19 07:13 B 1.01 1.42 H+ no U
2013-05-19 07:51 2013-05-19 07:56 A 1.50 2.20 He+ no U
2013-05-19 08:12 2013-05-19 08:28 A 1.60 2.80 H+ no U
2013-05-19 15:39 2013-05-19 15:45 B 1.20 1.70 H+ no U
2013-05-20 02:25 2013-05-20 02:31 A 1.78 1.92 H+ no PP
2013-05-22 09:44 2013-05-22 10:20 A 0.17 0.47 He+ no PP
2013-05-22 11:51 2013-05-22 11:54 B 0.74 0.84 He+ no U
2013-05-22 12:05 2013-05-22 12:36 A 0.21 0.48 He+ no U
2013-05-22 13:05 2013-05-22 13:08 A 0.58 0.64 He+ no U
2013-05-22 17:05 2013-05-22 17:11 B 0.73 0.99 H+ no U
2013-05-22 18:13 2013-05-22 18:19 A 0.31 0.58 He+ no U
2013-05-23 17:02 2013-05-23 17:04 A 0.61 1.05 He+ no U
2013-05-23 19:48 2013-05-23 19:50 B 0.87 1.10 H+ no U
2013-05-24 15:07 2013-05-24 15:32 B 0.14 0.24 He+ yes PP
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2013-05-24 15:27 2013-05-24 15:47 A 0.18 0.29 He+ yes PP
2013-05-24 17:45 2013-05-24 18:08 A 0.19 0.24 He+ no U
2013-05-24 19:12 2013-05-24 19:24 A 0.30 0.62 He+ no U
2013-05-24 19:38 2013-05-24 19:53 A 0.49 0.94 He+ no U
2013-05-24 21:00 2013-05-24 21:13 B 3.20 4.40 H+ no U
2013-05-24 21:22 2013-05-24 21:29 B 0.89 1.24 He+ no U
2013-05-25 05:21 2013-05-25 05:27 A 1.20 2.70 He+ no U
2013-05-25 17:03 2013-05-25 17:08 A 1.17 1.70 H+ no PP
2013-05-25 17:09 2013-05-25 17:16 A 0.50 0.90 He+ no PP
2013-05-25 17:09 2013-05-25 17:15 A 0.95 1.27 H+ no PP
2013-05-25 22:15 2013-05-25 22:28 A 0.39 0.49 He+ no U
2013-05-26 10:40 2013-05-26 10:42 A 0.65 0.78 He+ no U
2013-05-26 14:54 2013-05-26 15:30 B 0.37 0.73 He+ yes U
2013-05-26 15:36 2013-05-26 16:42 A 0.31 0.85 He+ yes U
2013-05-28 20:46 2013-05-28 21:00 B 1.16 1.38 H+ no U
2013-05-29 20:57 2013-05-29 21:43 A 0.38 0.46 He+ no PP
2013-05-30 13:39 2013-05-30 14:01 B 0.67 0.76 He+ no PP
2013-05-31 04:18 2013-05-31 04:24 A 0.53 0.70 He+ no U
2013-05-31 19:33 2013-05-31 20:16 B 0.12 0.37 He+ yes PP
2013-05-31 19:34 2013-05-31 19:59 A 0.14 0.36 He+ yes U
2013-05-31 20:35 2013-05-31 21:05 B 0.53 1.30 H+ no U
2013-05-31 21:52 2013-05-31 22:02 B 0.94 1.26 He+ no U
2013-06-01 10:21 2013-06-01 10:23 A 2.98 3.31 H+ no U
2013-06-01 15:27 2013-06-01 15:40 B 0.27 0.48 He+ yes PP
2013-06-01 15:47 2013-06-01 15:58 A 0.28 0.46 He+ yes U
2013-06-02 01:41 2013-06-02 01:45 B 1.30 2.80 He+ yes U
2013-06-02 01:49 2013-06-02 02:02 B 1.60 3.80 He+ yes U
2013-06-02 01:53 2013-06-02 01:59 A 1.60 3.00 He+ yes U
2013-06-02 02:06 2013-06-02 02:14 A 1.80 3.90 He+ yes U
2013-06-02 12:20 2013-06-02 12:54 B 0.50 1.30 O+ yes U
2013-06-02 12:24 2013-06-02 13:06 A 0.50 1.20 O+ yes U
2013-06-02 12:31 2013-06-02 12:44 B 1.80 2.70 He+ yes PP
2013-06-02 12:32 2013-06-02 12:56 A 1.70 2.60 He+ yes PP
2013-06-02 13:07 2013-06-02 13:50 B 0.56 1.00 He+ yes U
2013-06-02 13:17 2013-06-02 14:00 A 0.65 1.00 He+ yes U
2013-06-02 21:38 2013-06-02 21:52 B 0.57 0.95 O+ yes U
2013-06-02 21:43 2013-06-02 21:54 A 0.57 0.83 O+ yes U
2013-06-02 22:17 2013-06-02 22:55 B 0.23 0.86 He+ yes U
2013-06-02 22:31 2013-06-02 22:56 A 0.22 0.55 He+ yes PP
2013-06-03 08:03 2013-06-03 08:09 A 0.35 0.48 He+ no U
2013-06-05 01:56 2013-06-05 02:07 B 1.08 1.25 O+ yes U
2013-06-05 01:57 2013-06-05 02:00 A 1.03 1.22 O+ yes U
2013-06-05 03:28 2013-06-05 03:52 A 0.33 0.47 O+ no U
2013-06-05 03:56 2013-06-05 04:08 A 1.27 1.67 He+ no U
2013-06-06 12:34 2013-06-06 12:52 A 0.29 0.62 He+ yes U
2013-06-06 12:52 2013-06-06 13:06 B 0.21 0.53 He+ yes U
2013-06-07 14:20 2013-06-07 15:36 A 0.16 0.45 He+ yes U
2013-06-07 14:46 2013-06-07 16:03 B 0.19 0.46 He+ yes U
2013-06-07 22:25 2013-06-07 22:34 B 0.45 0.53 He+ no U
2013-06-11 23:25 2013-06-11 23:32 A 0.20 0.28 He+ no U
2013-06-15 07:16 2013-06-15 07:40 A 0.12 0.22 O+ no U
2013-06-15 10:08 2013-06-15 10:10 B 0.20 0.24 He+ no U
2013-06-19 03:45 2013-06-19 04:17 B 0.21 0.29 He+ no U
2013-06-19 21:36 2013-06-19 22:09 B 0.11 0.58 He+ no U
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2013-06-20 04:16 2013-06-20 04:35 A 0.30 0.61 He+ no U
2013-06-20 14:27 2013-06-20 16:11 A 0.08 1.42 He+ yes U
2013-06-20 16:16 2013-06-20 18:27 B 0.07 0.50 He+ yes U
2013-06-20 19:31 2013-06-20 20:16 B 0.50 1.13 He+ no U
2013-06-20 19:44 2013-06-20 20:16 B 0.90 2.40 H+ no U
2013-06-20 21:45 2013-06-20 21:50 A 0.50 0.59 He+ no U
2013-06-21 06:38 2013-06-21 06:47 A 0.44 1.05 He+ no U
2013-06-22 10:21 2013-06-22 10:32 A 0.23 0.36 He+ no U
2013-06-28 03:59 2013-06-28 04:05 B 0.60 1.40 H+ no U
2013-06-28 04:01 2013-06-28 04:05 B 0.34 0.54 He+ no U
2013-06-28 17:10 2013-06-28 17:14 B 0.68 1.03 H+ no U
2013-06-29 03:44 2013-06-29 03:46 B 1.60 2.40 He+ no U
2013-06-29 08:51 2013-06-29 09:01 A 2.90 4.50 H+ no U
2013-06-29 09:26 2013-06-29 09:32 A 2.00 2.80 He+ no U
2013-06-29 09:39 2013-06-29 09:41 A 14.80 20.00 H+ no U
2013-06-29 11:09 2013-06-29 11:34 A 2.50 6.70 H+ no U
2013-06-29 11:23 2013-06-29 11:26 A 1.50 2.80 He+ no U
2013-06-29 11:28 2013-06-29 11:32 A 1.30 2.40 He+ no U
2013-06-29 11:32 2013-06-29 11:37 A 1.50 2.10 He+ no U
2013-06-29 12:20 2013-06-29 12:48 B 1.50 4.50 He+ no U
2013-06-29 17:46 2013-06-29 18:21 A 4.30 6.50 H+ yes U
2013-06-29 18:23 2013-06-29 18:41 A 4.80 5.90 O+ no U
2013-06-29 20:37 2013-06-29 20:43 A 2.20 2.70 H+ no U
2013-06-29 20:37 2013-06-29 20:46 A 0.33 0.52 O+ no U
2013-06-29 20:49 2013-06-29 20:57 A 0.40 1.40 He+ no U
2013-06-29 21:12 2013-06-29 21:14 B 3.85 4.03 H+ no U
2013-06-29 21:13 2013-06-29 21:16 B 1.50 1.75 He+ no U
2013-06-29 21:21 2013-06-29 21:41 B 5.60 8.30 H+ yes U
2013-06-30 03:10 2013-06-30 03:31 A 3.10 3.80 He+ no U
2013-06-30 06:15 2013-06-30 06:46 A 0.49 0.87 He+ no PP
2013-06-30 08:54 2013-06-30 09:07 B 4.00 4.80 H+ no U
2013-06-30 13:44 2013-06-30 14:01 A 0.52 0.78 O+ no U
2013-06-30 23:16 2013-06-30 23:28 A 0.70 2.50 He+ no U
2013-07-01 02:45 2013-07-01 03:13 B 1.05 1.40 He+ no PP
2013-07-01 03:41 2013-07-01 04:03 B 0.39 0.81 He+ no U
2013-07-01 10:02 2013-07-01 10:16 B 0.72 1.35 O+ yes U
2013-07-01 13:32 2013-07-01 14:22 B 0.40 0.66 He+ no U
2013-07-01 13:51 2013-07-01 14:26 A 0.46 0.60 He+ no U
2013-07-01 14:44 2013-07-01 15:23 A 0.41 0.66 O+ no PP
2013-07-01 16:12 2013-07-01 17:30 B 0.32 0.67 He+ no PP
2013-07-01 19:07 2013-07-01 19:14 B 1.16 1.43 O+ no PP
2013-07-03 00:44 2013-07-03 00:57 B 0.50 0.62 He+ no U
2013-07-03 05:14 2013-07-03 05:34 A 0.81 1.04 He+ no PP
2013-07-03 23:07 2013-07-03 23:19 A 0.99 1.22 He+ no PP
2013-07-03 23:09 2013-07-03 23:22 A 1.25 1.57 He+ no U
2013-07-05 06:41 2013-07-05 07:14 B 1.80 2.18 H+ no U
2013-07-05 08:43 2013-07-05 09:20 B 0.26 0.37 He+ no U
2013-07-05 19:02 2013-07-05 19:24 B 0.17 0.27 He+ no PP
2013-07-06 11:37 2013-07-06 11:43 A 0.86 1.40 He+ yes U
2013-07-06 14:00 2013-07-06 14:33 A 1.20 3.30 H+ no PP
2013-07-06 15:48 2013-07-06 15:51 B 0.83 1.13 He+ yes U
2013-07-07 08:00 2013-07-07 08:10 A 1.66 1.87 He+ no U
2013-07-07 08:32 2013-07-07 08:59 A 1.45 2.50 H+ yes U
2013-07-07 09:09 2013-07-07 09:57 B 1.90 3.20 H+ yes U
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2013-07-07 09:12 2013-07-07 09:19 A 1.50 2.00 H+ yes U
2013-07-07 09:59 2013-07-07 10:18 B 1.80 3.20 He+ no U
2013-07-07 12:39 2013-07-07 13:49 B 1.10 2.90 H+ yes U
2013-07-07 13:19 2013-07-07 13:58 A 1.45 2.40 H+ yes U
2013-07-07 16:19 2013-07-07 17:50 A 0.20 0.90 O+ no U
2013-07-07 18:07 2013-07-07 18:32 B 2.10 2.45 H+ yes U
2013-07-07 18:31 2013-07-07 18:44 B 2.90 3.20 H+ yes U
2013-07-09 08:27 2013-07-09 08:57 A 0.50 1.20 H+ no U
2013-07-09 09:08 2013-07-09 09:43 A 0.60 1.40 H+ no U
2013-07-09 16:17 2013-07-09 16:42 A 0.51 0.75 H+ no PP
2013-07-09 16:17 2013-07-09 17:06 A 0.26 0.48 He+ no PP
2013-07-09 16:51 2013-07-09 16:56 A 0.54 0.59 H+ no U
2013-07-09 20:05 2013-07-09 20:27 A 0.89 1.25 H+ no U
2013-07-09 21:32 2013-07-09 22:06 B 0.18 0.34 He+ no U
2013-07-09 22:10 2013-07-09 22:59 B 0.13 0.31 He+ no U
2013-07-09 23:18 2013-07-10 00:14 B 0.19 0.80 He+ no U
2013-07-10 00:14 2013-07-10 00:55 B 0.80 1.60 He+ no U
2013-07-10 00:17 2013-07-10 00:52 B 0.38 0.80 He+ no U
2013-07-10 09:07 2013-07-10 09:13 A 0.18 0.45 He+ no U
2013-07-10 14:10 2013-07-10 14:14 A 0.68 1.27 He+ no U
2013-07-11 07:35 2013-07-11 07:47 B 0.23 0.70 He+ no U
2013-07-11 16:06 2013-07-11 16:08 B 2.20 2.70 H+ no U
2013-07-11 16:10 2013-07-11 16:12 B 1.90 2.60 H+ no U
2013-07-12 00:46 2013-07-12 00:54 B 0.55 0.63 O+ no U
2013-07-12 01:13 2013-07-12 01:24 B 0.56 0.92 He+ no U
2013-07-12 14:49 2013-07-12 15:01 B 0.84 0.97 H+ no U
2013-07-12 15:14 2013-07-12 15:34 B 1.17 1.60 H+ no PP
2013-07-12 15:49 2013-07-12 16:14 B 1.18 1.63 He+ no PP
2013-07-12 16:55 2013-07-12 17:49 A 0.52 0.98 H+ no U
2013-07-12 18:45 2013-07-12 18:59 B 0.18 0.24 O+ no U
2013-07-12 22:29 2013-07-12 23:49 A 0.22 0.50 O+ no U
2013-07-13 05:31 2013-07-13 05:37 B 0.19 0.47 He+ no U
2013-07-13 13:39 2013-07-13 13:52 B 1.75 2.01 H+ no U
2013-07-14 07:48 2013-07-14 07:55 B 0.93 1.34 H+ no U
2013-07-14 11:30 2013-07-14 11:50 A 0.20 0.60 He+ no U
2013-07-14 13:30 2013-07-14 13:47 B 0.11 0.40 O+ no U
2013-07-14 19:39 2013-07-14 19:52 A 0.30 1.20 He+ no U
2013-07-15 00:55 2013-07-15 01:04 B 0.60 1.60 He+ no U
2013-07-15 01:01 2013-07-15 01:04 B 1.30 2.50 He+ no U
2013-07-15 04:59 2013-07-15 05:07 A 0.78 1.08 He+ no U
2013-07-15 10:22 2013-07-15 10:24 B 2.00 3.30 H+ no U
2013-07-15 19:40 2013-07-15 19:53 B 1.17 1.56 H+ no U
2013-07-15 19:52 2013-07-15 20:30 B 0.20 0.55 He+ no U
2013-07-16 13:27 2013-07-16 14:16 A 0.52 0.69 He+ no U
2013-07-16 22:29 2013-07-16 23:03 B 0.43 0.71 He+ no PP
2013-07-17 11:13 2013-07-17 11:49 A 0.57 0.90 He+ no U
2013-07-17 19:06 2013-07-17 19:27 A 0.60 0.71 O+ no U
2013-07-18 12:11 2013-07-18 12:25 B 1.58 1.78 H+ no U
2013-07-18 14:12 2013-07-18 15:00 B 0.14 0.44 He+ yes U
2013-07-18 14:55 2013-07-18 15:23 A 0.15 0.48 He+ yes U
2013-07-18 19:56 2013-07-18 20:15 B 0.30 0.65 He+ no U
2013-07-23 07:53 2013-07-23 08:22 A 0.52 0.79 O+ no U
2013-07-25 17:12 2013-07-25 18:33 B 0.47 0.90 H+ no U
2013-07-25 17:16 2013-07-25 18:09 B 0.22 0.43 He+ no U
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2013-07-25 18:19 2013-07-25 18:40 B 0.31 0.47 He+ no U
2013-07-25 18:24 2013-07-25 19:02 A 0.13 0.32 He+ no U
2013-07-25 18:47 2013-07-25 19:27 B 0.33 0.84 He+ no U
2013-07-25 21:16 2013-07-25 21:20 A 0.23 0.40 He+ no U
2013-07-25 21:25 2013-07-25 21:47 A 0.10 0.90 He+ no PP
2013-07-25 23:02 2013-07-25 23:08 B 1.10 2.10 He+ no U
2013-07-25 23:27 2013-07-25 23:46 B 0.12 0.40 O+ no U
2013-07-29 18:04 2013-07-29 18:54 A 0.16 0.29 O+ no U
2013-07-29 18:33 2013-07-29 18:58 A 0.33 0.44 O+ no PP
2013-07-29 19:46 2013-07-29 20:15 A 0.29 0.36 He+ no PP
2013-07-29 20:22 2013-07-29 21:47 A 0.18 0.27 He+ no PP
2013-08-04 01:59 2013-08-04 03:01 B 0.12 0.17 O+ no U
2013-08-04 02:00 2013-08-04 03:16 B 0.17 0.27 He+ no PP
2013-08-04 10:10 2013-08-04 10:20 B 1.68 1.87 H+ no U
2013-08-04 10:14 2013-08-04 10:47 A 1.10 1.45 H+ no U
2013-08-04 18:22 2013-08-04 18:40 B 0.24 0.63 He+ yes PP
2013-08-04 18:40 2013-08-04 18:46 B 0.12 0.27 O+ yes U
2013-08-04 18:57 2013-08-04 19:03 A 0.70 1.40 He+ no U
2013-08-04 19:01 2013-08-04 19:22 A 0.24 0.62 He+ yes PP
2013-08-05 12:05 2013-08-05 12:36 A 0.12 0.40 O+ yes U
2013-08-05 12:33 2013-08-05 12:49 A 0.17 0.52 O+ yes U
2013-08-05 12:50 2013-08-05 13:05 A 0.33 0.57 He+ no U
2013-08-06 09:38 2013-08-06 10:00 A 0.33 0.47 He+ yes PP
2013-08-06 09:44 2013-08-06 09:50 B 0.35 0.42 He+ yes U
2013-08-06 16:15 2013-08-06 16:35 B 0.41 0.56 He+ yes PP
2013-08-06 17:28 2013-08-06 17:51 A 0.39 0.47 He+ no U
2013-08-06 17:59 2013-08-06 18:26 A 0.37 0.47 He+ no PP
2013-08-06 20:13 2013-08-06 20:27 A 0.46 0.54 He+ no PP
2013-08-06 21:09 2013-08-06 21:42 B 0.39 0.60 O+ no U
2013-08-07 06:08 2013-08-07 06:55 B 0.22 0.80 O+ yes U
2013-08-07 06:26 2013-08-07 07:31 A 0.34 0.63 O+ yes U
2013-08-09 21:15 2013-08-09 21:34 B 0.13 0.27 O+ yes U
2013-08-09 21:17 2013-08-09 21:44 A 0.12 0.29 O+ yes U
2013-08-14 04:51 2013-08-14 05:21 B 0.12 0.50 He+ yes U
2013-08-14 04:52 2013-08-14 05:11 A 0.13 0.35 He+ yes U
2013-08-14 20:44 2013-08-14 21:31 A 0.12 0.27 O+ yes U
2013-08-14 20:56 2013-08-14 21:25 B 0.12 0.23 O+ yes U
2013-08-14 21:46 2013-08-14 22:02 A 0.21 0.47 He+ no PP
2013-08-15 05:38 2013-08-15 07:13 B 0.17 0.25 O+ yes U
2013-08-15 05:54 2013-08-15 07:21 A 0.15 0.28 O+ yes U
2013-08-15 06:33 2013-08-15 06:36 B 0.61 0.73 He+ no U
2013-08-15 17:12 2013-08-15 17:53 A 0.13 0.28 He+ yes U
2013-08-15 17:15 2013-08-15 17:34 B 0.52 0.77 H+ no U
2013-08-15 17:25 2013-08-15 18:08 B 0.17 0.42 He+ no U
2013-08-15 18:30 2013-08-15 19:56 B 0.12 0.37 He+ yes U
2013-08-15 18:34 2013-08-15 19:42 A 0.11 0.26 He+ yes U
2013-08-15 18:34 2013-08-15 19:14 B 0.07 0.12 O+ no U
2013-08-19 00:08 2013-08-19 00:27 B 0.30 0.38 O+ no U
2013-08-20 22:31 2013-08-20 23:01 B 0.25 0.45 He+ no U
2013-08-21 00:36 2013-08-21 01:35 B 0.16 0.27 He+ yes U
2013-08-21 00:37 2013-08-21 01:15 A 0.15 0.22 He+ yes U
2013-08-21 09:14 2013-08-21 09:46 A 0.10 0.37 He+ yes U
2013-08-21 09:17 2013-08-21 09:39 B 0.12 0.38 He+ yes U
2013-08-21 16:22 2013-08-21 16:51 A 0.26 0.55 He+ yes U
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2013-08-21 17:29 2013-08-21 17:54 B 0.24 0.36 He+ yes U
2013-08-21 17:56 2013-08-21 18:10 B 0.16 0.25 He+ no U
2013-08-21 18:25 2013-08-21 18:51 A 0.33 0.39 He+ no U
2013-08-21 21:25 2013-08-21 21:43 B 0.35 0.98 He+ no U
2013-08-23 02:58 2013-08-23 03:03 A 0.55 0.72 He+ no U
2013-08-23 05:56 2013-08-23 06:07 B 0.20 0.42 He+ no U
2013-08-25 10:20 2013-08-25 10:49 A 0.56 1.25 H+ no U
2013-08-25 10:27 2013-08-25 10:45 A 0.23 0.52 He+ no U
2013-08-25 10:32 2013-08-25 10:42 B 0.17 0.33 O+ no U
2013-08-25 21:00 2013-08-25 22:03 B 0.16 0.29 He+ no U
2013-08-27 02:26 2013-08-27 02:58 B 0.19 0.39 He+ no U
2013-08-27 13:12 2013-08-27 13:19 B 1.00 1.90 He+ no U
2013-08-27 15:38 2013-08-27 16:02 A 0.41 0.65 He+ no U
2013-08-27 15:53 2013-08-27 16:16 A 0.65 0.86 H+ no U
2013-08-27 16:44 2013-08-27 16:53 A 0.47 0.70 H+ no U
2013-08-27 16:48 2013-08-27 17:16 A 0.14 0.38 He+ yes U
2013-08-27 17:43 2013-08-27 18:04 B 0.17 0.52 He+ yes U
2013-08-27 20:12 2013-08-27 20:27 A 1.60 2.60 H+ no U
2013-08-27 20:19 2013-08-27 20:32 A 1.10 1.90 He+ no U
2013-08-27 20:29 2013-08-27 20:34 A 2.27 3.00 H+ no U
2013-08-27 20:36 2013-08-27 20:41 A 2.80 4.70 H+ no U
2013-08-27 21:57 2013-08-27 22:18 B 0.33 0.67 He+ no U
2013-08-27 23:35 2013-08-27 23:56 A 0.21 0.66 He+ no U
2013-08-28 09:56 2013-08-28 10:02 A 0.29 0.34 He+ no U
2013-08-28 10:26 2013-08-28 10:35 A 0.31 0.36 He+ no U
2013-08-28 14:42 2013-08-28 14:47 B 0.37 0.53 He+ no U
2013-08-28 15:05 2013-08-28 16:10 B 0.38 0.67 He+ no PP
2013-08-28 19:55 2013-08-28 21:19 B 0.21 0.58 He+ no PP
2013-08-29 00:40 2013-08-29 01:22 B 0.30 0.53 He+ no U
2013-08-29 01:06 2013-08-29 01:25 B 0.23 0.31 O+ no PP
2013-08-29 02:53 2013-08-29 03:51 A 0.90 1.58 H+ no U
2013-08-29 20:10 2013-08-29 20:21 A 0.75 0.79 He+ no PP
2013-08-30 06:43 2013-08-30 07:03 B 0.63 0.98 O+ no U
2013-08-30 06:53 2013-08-30 07:11 A 0.94 1.11 H+ no U
2013-08-30 07:20 2013-08-30 07:48 B 0.23 0.32 O+ no U
2013-08-30 17:05 2013-08-30 17:36 A 0.46 0.80 H+ no U
2013-08-30 20:13 2013-08-30 20:43 B 0.12 0.51 He+ yes U
2013-08-30 23:40 2013-08-31 00:02 A 0.12 0.47 He+ yes U
2013-08-31 02:40 2013-08-31 03:01 B 0.14 0.56 He+ yes U
2013-08-31 03:09 2013-08-31 03:14 B 0.50 0.90 H+ no U
2013-08-31 10:02 2013-08-31 10:27 A 0.19 0.42 He+ yes U
2013-08-31 14:26 2013-08-31 14:45 B 0.20 0.44 He+ yes U
2013-08-31 14:48 2013-08-31 14:57 B 0.21 0.40 He+ yes U
2013-09-01 04:22 2013-09-01 05:21 B 0.22 0.36 O+ no U
2013-09-01 04:48 2013-09-01 05:32 B 0.13 0.20 O+ no U
2013-09-01 05:24 2013-09-01 06:00 B 0.27 0.43 He+ no U
2013-09-01 10:43 2013-09-01 11:00 A 0.34 0.46 O+ yes U
2013-09-02 07:12 2013-09-02 07:28 B 0.40 0.52 O+ no PP
2013-09-02 08:46 2013-09-02 08:53 A 0.47 0.90 H+ no U
2013-09-03 03:30 2013-09-03 04:16 B 0.71 1.05 H+ no U
2013-09-03 23:12 2013-09-03 23:43 B 0.11 0.36 He+ no U
2013-09-04 04:13 2013-09-04 04:35 B 0.63 0.81 O+ no U
2013-09-06 20:07 2013-09-06 20:29 A 0.12 0.45 He+ no U
2013-09-08 04:18 2013-09-08 05:13 A 0.12 0.27 O+ no U
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2013-09-08 05:16 2013-09-08 05:32 A 0.32 0.47 He+ no U
2013-09-10 15:15 2013-09-10 15:43 B 0.19 0.31 He+ no U
2013-09-10 17:19 2013-09-10 19:09 B 0.11 0.55 He+ yes U
2013-09-10 21:10 2013-09-10 21:36 A 0.22 0.41 He+ no PP
2013-09-10 22:28 2013-09-10 23:21 A 0.17 0.35 He+ yes U
2013-09-11 02:29 2013-09-11 03:12 B 0.67 0.98 H+ no U
2013-09-11 23:56 2013-09-12 00:22 B 0.17 0.59 O+ no U
2013-09-12 01:50 2013-09-12 01:54 A 1.28 1.65 H+ no U
2013-09-12 20:43 2013-09-12 21:11 B 0.57 0.74 He+ no U
2013-09-13 17:09 2013-09-13 17:48 B 0.38 0.90 H+ no U
2013-09-17 07:55 2013-09-17 08:30 A 0.12 0.56 He+ no U
2013-09-17 08:32 2013-09-17 08:51 B 0.12 0.26 O+ no U
2013-09-18 03:10 2013-09-18 03:48 B 0.12 0.24 O+ no U
2013-09-18 11:45 2013-09-18 12:01 B 0.24 0.34 O+ no U
2013-09-18 13:16 2013-09-18 13:34 A 0.29 0.45 O+ no U
2013-09-18 13:55 2013-09-18 13:58 B 1.12 1.22 H+ no U
2013-09-18 14:07 2013-09-18 14:09 B 1.09 1.24 H+ no U
2013-09-18 17:06 2013-09-18 17:17 A 0.80 0.97 H+ no U
2013-09-18 17:42 2013-09-18 18:05 A 0.24 0.48 He+ no U
2013-09-19 03:44 2013-09-19 03:52 A 0.25 0.42 He+ no U
2013-09-19 03:45 2013-09-19 03:52 A 0.44 0.63 H+ no U
2013-09-19 08:31 2013-09-19 08:59 B 0.10 0.44 He+ no U
2013-09-21 09:36 2013-09-21 09:43 A 0.71 1.09 H+ no U
2013-09-21 16:42 2013-09-21 17:05 B 0.47 0.59 He+ no U
2013-09-23 11:02 2013-09-23 11:18 B 0.16 0.24 He+ no U
2013-09-23 19:04 2013-09-23 19:14 A 0.12 0.74 O+ no U
2013-09-24 10:42 2013-09-24 10:52 A 0.13 0.34 He+ no PP
2013-09-24 11:35 2013-09-24 11:49 A 0.13 0.42 He+ no U
2013-09-24 11:53 2013-09-24 12:12 A 0.15 0.55 He+ no U
2013-09-24 12:13 2013-09-24 12:26 A 0.16 0.32 O+ no U
2013-09-24 12:13 2013-09-24 12:38 A 0.30 0.80 He+ no U
2013-09-24 12:40 2013-09-24 12:53 A 0.70 1.55 He+ no U
2013-09-24 13:15 2013-09-24 13:30 B 0.28 0.77 He+ yes U
2013-09-24 13:21 2013-09-24 13:50 B 0.80 1.60 H+ yes U
2013-09-24 13:30 2013-09-24 13:52 B 0.28 0.70 He+ yes U
2013-09-24 14:10 2013-09-24 14:24 B 0.18 0.43 He+ no U
2013-09-24 14:26 2013-09-24 14:35 B 0.12 0.40 He+ no U
2013-09-24 14:39 2013-09-24 14:48 B 0.26 0.42 He+ no U
2013-09-24 16:06 2013-09-24 16:12 B 0.33 0.62 H+ no U
2013-09-24 16:41 2013-09-24 17:28 A 0.20 0.55 He+ yes U
2013-09-24 16:42 2013-09-24 17:29 A 0.54 1.13 H+ yes U
2013-09-24 16:47 2013-09-24 16:55 B 0.53 0.94 H+ no U
2013-09-25 05:45 2013-09-25 06:14 A 0.31 0.56 He+ no U
2013-09-25 06:56 2013-09-25 07:02 A 1.00 1.75 He+ no U
2013-09-26 08:54 2013-09-26 10:02 B 0.22 0.40 O+ no U
2013-09-26 12:22 2013-09-26 13:15 B 0.29 0.36 He+ no U
2013-09-27 19:29 2013-09-27 19:58 A 0.96 1.23 H+ no U
2013-09-27 20:22 2013-09-27 20:39 A 1.68 2.25 H+ no U
2013-10-01 06:56 2013-10-01 08:15 B 0.11 0.23 O+ no U
2013-10-01 21:00 2013-10-01 22:24 B 0.10 0.24 O+ no U
2013-10-02 02:29 2013-10-02 02:48 B 0.18 0.55 He+ yes U
2013-10-02 03:19 2013-10-02 04:16 B 0.10 0.35 He+ yes U
2013-10-02 04:19 2013-10-02 04:28 A 0.22 0.90 He+ yes U
2013-10-02 09:51 2013-10-02 10:04 B 0.40 1.30 He+ yes U
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2013-10-02 11:41 2013-10-02 11:47 A 2.00 4.00 He+ no U
2013-10-02 11:52 2013-10-02 12:08 A 1.50 3.00 He+ no U
2013-10-02 12:08 2013-10-02 12:27 A 0.30 1.40 He+ yes U
2013-10-02 13:03 2013-10-02 13:15 B 1.35 1.59 H+ no U
2013-10-03 01:36 2013-10-03 01:44 B 1.58 2.30 He+ yes U
2013-10-03 03:26 2013-10-03 03:32 A 1.54 2.20 He+ yes U
2013-10-03 03:37 2013-10-03 03:39 B 0.84 1.40 He+ no U
2013-10-03 10:36 2013-10-03 10:37 B 1.33 1.80 He+ no U
2013-10-04 04:35 2013-10-04 04:50 B 1.10 2.80 He+ no U
2013-10-04 09:55 2013-10-04 10:07 A 0.33 0.44 He+ yes U
2013-10-04 10:03 2013-10-04 10:20 B 0.34 0.42 He+ yes U
2013-10-04 18:32 2013-10-04 19:07 B 0.29 0.44 He+ no U
2013-10-05 01:26 2013-10-05 01:45 B 0.92 1.21 He+ no PP
2013-10-05 20:58 2013-10-05 21:16 A 0.57 0.70 He+ no U
2013-10-06 07:20 2013-10-06 07:41 B 0.25 0.28 He+ no U
2013-10-06 14:48 2013-10-06 14:58 B 1.00 1.10 H+ no U
2013-10-06 17:23 2013-10-06 17:34 B 0.85 0.96 H+ no U
2013-10-06 17:32 2013-10-06 18:25 A 1.08 1.37 H+ yes PP
2013-10-06 17:33 2013-10-06 17:48 B 1.01 1.22 H+ yes U
2013-10-07 01:48 2013-10-07 03:00 A 1.61 1.98 H+ no PP
2013-10-07 04:37 2013-10-07 04:48 B 0.22 0.40 O+ no U
2013-10-07 07:20 2013-10-07 08:27 B 0.04 0.17 O+ no U
2013-10-08 21:03 2013-10-08 21:49 A 1.20 3.50 H+ no U
2013-10-08 21:41 2013-10-08 23:48 B 0.06 0.50 He+ yes U
2013-10-08 22:18 2013-10-08 23:55 A 0.08 0.60 He+ yes U
2013-10-09 01:05 2013-10-09 01:27 A 0.11 0.22 He+ yes U
2013-10-09 01:11 2013-10-09 01:36 B 0.20 1.20 He+ yes U
2013-10-09 04:37 2013-10-09 04:40 B 2.73 3.38 H+ no U
2013-10-09 04:41 2013-10-09 05:17 B 0.30 0.90 He+ yes U
2013-10-09 04:58 2013-10-09 05:03 B 4.18 4.65 H+ no U
2013-10-09 14:15 2013-10-09 14:23 A 1.30 2.40 He+ no U
2013-10-09 19:40 2013-10-09 20:04 B 0.60 2.00 He+ yes U
2013-10-09 20:41 2013-10-09 21:24 A 0.60 2.70 He+ yes U
2013-10-10 01:31 2013-10-10 02:02 B 0.31 0.94 H+ no U
2013-10-10 01:52 2013-10-10 02:21 A 1.36 1.68 H+ yes U
2013-10-10 02:01 2013-10-10 02:24 B 0.59 0.93 H+ no U
2013-10-10 02:22 2013-10-10 02:55 B 0.83 1.30 H+ no U
2013-10-10 05:08 2013-10-10 05:22 A 1.10 1.90 H+ no U
2013-10-11 09:48 2013-10-11 10:11 B 0.76 1.01 O+ no U
2013-10-11 09:52 2013-10-11 10:04 B 0.55 0.68 O+ no PP
2013-10-11 11:10 2013-10-11 12:05 B 0.45 0.75 He+ yes PP
2013-10-11 12:14 2013-10-11 12:57 A 0.55 0.81 He+ yes PP
2013-10-12 04:08 2013-10-12 04:25 B 0.80 0.99 O+ no U
2013-10-12 05:39 2013-10-12 06:11 A 0.45 0.72 He+ no U
2013-10-12 14:12 2013-10-12 14:30 B 0.91 1.00 He+ yes U
2013-10-12 14:50 2013-10-12 15:04 A 1.00 1.12 He+ yes U
2013-10-13 08:17 2013-10-13 08:58 B 0.36 0.47 He+ no U
2013-10-13 16:20 2013-10-13 17:05 B 0.21 0.28 O+ no U
2013-10-14 12:19 2013-10-14 13:14 B 0.25 0.57 He+ yes U
2013-10-14 12:33 2013-10-14 13:04 A 0.27 0.59 He+ yes U
2013-10-14 13:17 2013-10-14 14:02 B 0.07 0.43 He+ yes U
2013-10-14 13:22 2013-10-14 14:07 A 0.09 0.42 He+ yes U
2013-10-14 21:05 2013-10-14 21:46 B 0.12 0.55 He+ yes U
2013-10-14 21:09 2013-10-14 21:41 A 0.22 0.56 He+ yes U
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2013-10-14 21:47 2013-10-14 22:07 A 0.16 0.38 He+ yes U
2013-10-14 22:29 2013-10-14 22:35 A 0.52 0.72 H+ no U
2013-10-14 22:36 2013-10-14 22:40 A 0.50 0.74 H+ no U
2013-10-14 22:47 2013-10-14 22:51 A 0.70 0.83 H+ yes U
2013-10-14 22:51 2013-10-14 23:04 B 0.43 0.78 H+ yes U
2013-10-14 23:02 2013-10-14 23:07 A 0.44 0.55 H+ yes U
2013-10-15 00:09 2013-10-15 00:22 B 0.14 0.35 He+ yes U
2013-10-15 00:11 2013-10-15 00:33 A 0.14 0.35 He+ yes U
2013-10-15 04:15 2013-10-15 04:30 B 2.40 5.10 He+ yes U
2013-10-15 04:47 2013-10-15 04:50 A 1.65 2.80 He+ yes U
2013-10-15 04:52 2013-10-15 05:03 A 2.20 3.30 He+ yes U
2013-10-15 06:50 2013-10-15 07:06 B 0.15 0.40 He+ no U
2013-10-16 02:12 2013-10-16 02:19 B 0.65 0.86 H+ yes U
2013-10-16 02:13 2013-10-16 02:19 A 0.68 0.88 H+ yes U
2013-10-16 19:46 2013-10-16 20:08 A 0.29 0.40 He+ yes PP
2013-10-16 19:51 2013-10-16 20:10 B 0.29 0.41 He+ yes PP
2013-10-19 07:20 2013-10-19 08:13 A 0.25 0.52 O+ yes PP
2013-10-19 07:27 2013-10-19 08:06 B 0.29 0.50 O+ yes PP
2013-10-21 16:01 2013-10-21 19:15 B 0.10 0.27 He+ yes U
2013-10-21 17:34 2013-10-21 18:58 A 0.10 0.29 He+ yes U
2013-10-22 00:19 2013-10-22 00:45 B 0.63 0.68 He+ no PP
2013-10-22 08:31 2013-10-22 09:58 A 0.40 0.73 He+ no U
2013-10-27 05:34 2013-10-27 09:17 A 0.10 0.21 O+ no U
2013-10-27 18:41 2013-10-27 20:18 A 0.05 0.30 O+ yes U
2013-10-29 02:01 2013-10-29 03:11 A 0.15 0.20 O+ yes U
2013-10-29 03:29 2013-10-29 04:10 B 0.14 0.18 O+ yes U
2013-10-29 11:36 2013-10-29 13:17 A 0.14 0.39 He+ yes U
2013-10-29 11:45 2013-10-29 13:18 B 0.16 0.32 O+ yes U
2013-10-29 11:57 2013-10-29 13:13 A 0.65 1.20 H+ no U
2013-10-29 13:45 2013-10-29 13:53 B 0.37 0.44 He+ no U
2013-10-29 22:30 2013-10-29 22:56 B 0.48 0.63 He+ no U
2013-10-30 08:09 2013-10-30 08:39 A 0.16 0.45 He+ yes U
2013-10-30 09:10 2013-10-30 09:21 A 0.11 0.27 O+ yes U
2013-10-30 09:30 2013-10-30 10:15 A 0.06 0.67 O+ yes U
2013-10-30 09:41 2013-10-30 10:21 B 0.05 0.25 O+ yes U
2013-10-30 13:15 2013-10-30 13:39 A 0.12 0.57 O+ yes U
2013-10-30 13:44 2013-10-30 13:49 A 0.72 0.86 He+ no U
2013-10-30 14:38 2013-10-30 16:10 B 0.11 0.37 O+ yes U
2013-10-30 14:54 2013-10-30 15:18 A 0.21 0.47 He+ no U
2013-10-30 15:20 2013-10-30 15:31 A 0.19 0.44 He+ no U
2013-10-30 15:32 2013-10-30 15:51 A 0.10 0.45 He+ no U
2013-10-30 16:02 2013-10-30 16:13 A 0.17 0.34 He+ no PP
2013-10-30 19:22 2013-10-30 19:31 B 0.19 0.29 He+ no U
2013-10-30 23:21 2013-10-30 23:28 A 2.64 2.93 H+ no U
2013-10-31 00:06 2013-10-31 00:27 A 0.22 0.57 He+ no U
2013-10-31 00:50 2013-10-31 01:04 B 0.61 0.76 He+ no U
2013-10-31 00:51 2013-10-31 03:01 A 0.11 0.47 He+ no PP
2013-10-31 03:16 2013-10-31 03:22 B 0.73 0.86 H+ no U
2013-10-31 10:28 2013-10-31 11:54 B 0.57 1.18 H+ no U
2013-10-31 15:46 2013-10-31 15:54 A 0.62 0.90 O+ no U
2013-11-02 08:25 2013-11-02 09:30 A 0.26 0.42 He+ yes U
2013-11-02 08:28 2013-11-02 08:53 B 0.38 0.45 He+ yes U
2013-11-02 09:11 2013-11-02 11:58 B 0.22 0.58 He+ yes PP
2013-11-02 15:17 2013-11-02 15:31 A 0.33 0.40 He+ yes PP
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2013-11-02 16:49 2013-11-02 16:59 B 0.49 0.59 He+ no U
2013-11-02 17:20 2013-11-02 17:39 B 0.38 0.51 He+ yes U
2013-11-02 22:24 2013-11-02 22:48 A 0.34 0.46 O+ no U
2013-11-03 02:47 2013-11-03 03:22 A 0.33 0.48 He+ yes PP
2013-11-03 03:23 2013-11-03 03:45 B 0.25 0.36 He+ yes PP
2013-11-06 17:33 2013-11-06 18:28 A 0.20 0.33 He+ no U
2013-11-07 05:28 2013-11-07 06:19 A 0.10 0.45 He+ yes U
2013-11-07 05:38 2013-11-07 07:00 B 0.12 0.45 He+ yes U
2013-11-07 07:12 2013-11-07 07:41 B 0.16 0.64 He+ yes U
2013-11-07 11:50 2013-11-07 12:12 A 0.13 0.50 He+ no U
2013-11-07 12:16 2013-11-07 12:30 A 0.13 0.41 He+ no U
2013-11-07 12:39 2013-11-07 12:59 A 0.14 0.40 He+ no U
2013-11-07 13:17 2013-11-07 13:30 B 2.80 3.60 H+ no U
2013-11-07 13:19 2013-11-07 13:34 B 1.10 1.90 H+ no U
2013-11-07 14:09 2013-11-07 14:21 B 0.32 0.47 He+ no U
2013-11-07 15:41 2013-11-07 17:08 B 0.12 0.24 He+ no U
2013-11-07 19:05 2013-11-07 19:16 A 0.56 0.70 He+ no U
2013-11-08 00:50 2013-11-08 00:58 B 0.73 0.88 H+ no U
2013-11-08 16:17 2013-11-08 16:27 B 0.16 0.24 O+ no U
2013-11-08 18:45 2013-11-08 19:06 B 0.32 0.45 He+ no U
2013-11-08 21:36 2013-11-08 21:56 A 0.46 0.89 O+ no U
2013-11-08 21:36 2013-11-08 22:02 B 0.27 0.37 O+ no U
2013-11-08 22:06 2013-11-08 22:14 A 0.55 0.90 He+ no U
2013-11-09 00:52 2013-11-09 02:12 B 0.48 0.92 He+ no U
2013-11-09 01:24 2013-11-09 01:40 A 0.43 0.55 He+ no PP
2013-11-09 02:49 2013-11-09 03:20 B 0.24 0.54 He+ no U
2013-11-09 03:20 2013-11-09 03:32 B 0.25 0.40 He+ no U
2013-11-09 03:35 2013-11-09 03:59 B 0.22 0.52 He+ no U
2013-11-09 08:19 2013-11-09 08:37 A 0.15 0.31 He+ yes U
2013-11-09 08:42 2013-11-09 08:49 A 0.13 0.28 He+ no U
2013-11-09 08:54 2013-11-09 09:11 A 0.13 0.31 He+ yes U
2013-11-09 11:08 2013-11-09 11:32 B 0.13 0.44 He+ yes U
2013-11-09 15:38 2013-11-09 15:43 A 0.76 1.32 He+ yes U
2013-11-09 18:23 2013-11-09 18:30 B 0.90 1.80 He+ yes U
2013-11-09 22:12 2013-11-09 22:24 A 1.50 2.70 He+ no PP
2013-11-09 22:40 2013-11-09 22:52 A 2.00 7.10 He+ yes U
2013-11-10 01:05 2013-11-10 01:19 B 0.70 2.60 He+ yes U
2013-11-10 01:22 2013-11-10 01:34 B 1.40 4.90 He+ yes U
2013-11-10 13:39 2013-11-10 14:15 A 0.16 0.26 He+ no U
2013-11-10 19:19 2013-11-10 19:48 A 0.42 0.98 He+ no U
2013-11-11 02:49 2013-11-11 03:15 B 0.16 0.70 He+ no U
2013-11-11 05:25 2013-11-11 05:40 A 0.18 0.39 He+ no U
2013-11-11 05:52 2013-11-11 06:03 A 0.14 0.30 He+ no U
2013-11-11 07:53 2013-11-11 08:14 B 0.90 1.40 H+ no U
2013-11-11 12:43 2013-11-11 13:31 A 0.40 1.20 He+ yes U
2013-11-11 14:35 2013-11-11 14:52 A 0.21 0.54 He+ no PP
2013-11-11 15:44 2013-11-11 16:08 B 0.48 1.10 He+ yes PP
2013-11-11 18:03 2013-11-11 18:24 A 0.45 0.80 He+ no U
2013-11-11 19:09 2013-11-11 19:12 A 1.00 1.15 He+ yes U
2013-11-11 21:46 2013-11-11 21:52 A 0.70 0.95 He+ no U
2013-11-11 22:27 2013-11-11 22:38 B 1.10 2.40 He+ no U
2013-11-12 19:19 2013-11-12 20:28 A 0.38 0.46 He+ no U
2013-11-12 23:22 2013-11-13 00:26 B 0.45 0.70 He+ no PP
2013-11-13 00:36 2013-11-13 00:45 A 0.30 0.50 O+ no U
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2013-11-13 23:38 2013-11-13 23:56 B 0.45 0.57 He+ no U
2013-11-15 05:45 2013-11-15 06:21 A 0.43 0.72 O+ no U
2013-11-15 19:18 2013-11-15 19:24 A 0.73 0.98 H+ no U
2013-11-15 21:23 2013-11-15 21:46 B 0.17 0.30 He+ no U
2013-11-15 22:07 2013-11-16 00:02 B 0.12 0.58 He+ yes U
2013-11-16 01:06 2013-11-16 01:15 A 0.58 0.74 He+ no U
2013-11-16 02:19 2013-11-16 02:39 A 0.42 0.50 He+ no U
2013-11-16 02:45 2013-11-16 05:04 A 0.13 0.53 He+ yes U
2013-11-16 05:04 2013-11-16 05:44 A 0.26 0.48 He+ no U
2013-11-16 05:08 2013-11-16 05:18 B 1.43 1.64 H+ no U
2013-11-16 12:41 2013-11-16 14:39 A 0.72 1.38 H+ yes U
2013-11-16 14:18 2013-11-16 16:32 B 0.88 1.70 H+ yes U
2013-11-17 03:29 2013-11-17 03:40 B 0.55 0.61 He+ no U
2013-11-17 22:31 2013-11-17 23:03 A 0.44 0.57 He+ no U
2013-11-19 01:58 2013-11-19 02:29 A 0.31 0.56 He+ no U
2013-11-19 02:02 2013-11-19 02:38 A 0.20 0.30 He+ no U
2013-11-19 06:07 2013-11-19 06:37 B 0.19 0.28 He+ no U
2013-11-22 09:53 2013-11-22 10:05 A 0.61 0.77 He+ no U
2013-11-22 20:02 2013-11-22 21:09 A 0.15 0.30 He+ no U
2013-11-23 09:55 2013-11-23 11:53 B 0.11 0.45 He+ no U
2013-11-26 19:17 2013-11-26 19:51 B 0.16 0.27 He+ no U
2013-11-27 15:27 2013-11-27 15:34 A 0.24 0.36 He+ no U
2013-11-29 12:01 2013-11-29 12:26 A 1.90 2.30 H+ no U
2013-11-29 19:43 2013-11-29 21:09 B 0.12 0.50 He+ no U
2013-12-03 14:14 2013-12-03 15:00 B 0.10 0.45 He+ no U
2013-12-06 02:38 2013-12-06 03:15 B 0.26 0.40 O+ no U
2013-12-06 03:45 2013-12-06 05:04 B 0.22 0.70 He+ no U
2013-12-06 05:25 2013-12-06 05:58 B 0.27 0.48 He+ no PP
2013-12-06 05:36 2013-12-06 07:17 B 0.20 0.29 He+ no U
2013-12-06 06:01 2013-12-06 06:26 B 0.30 0.43 He+ no PP
2013-12-06 06:30 2013-12-06 06:39 B 0.28 0.45 He+ no U
2013-12-06 06:45 2013-12-06 07:12 B 0.27 0.51 He+ no PP
2013-12-08 02:14 2013-12-08 03:40 B 0.13 0.67 He+ yes U
2013-12-08 03:48 2013-12-08 04:32 A 0.12 0.53 He+ yes U
2013-12-08 04:30 2013-12-08 07:20 A 0.04 0.50 O+ no U
2013-12-08 11:12 2013-12-08 11:25 A 0.48 1.06 He+ no U
2013-12-10 00:03 2013-12-10 00:44 A 0.54 0.79 He+ no U
2013-12-10 02:13 2013-12-10 03:28 A 0.40 0.57 He+ no PP
2013-12-11 13:57 2013-12-11 14:30 B 0.50 0.61 He+ no PP
2013-12-12 15:08 2013-12-12 16:23 A 0.38 0.68 He+ no PP
2013-12-13 08:02 2013-12-13 08:45 B 0.36 0.44 He+ no PP
2013-12-13 09:41 2013-12-13 11:04 A 0.20 0.30 He+ no PP
2013-12-13 10:52 2013-12-13 11:51 A 0.25 0.31 He+ no PP
2013-12-13 11:14 2013-12-13 11:43 A 0.32 0.37 He+ no U
2013-12-13 18:07 2013-12-13 18:53 A 0.25 0.55 He+ no U
2013-12-14 04:57 2013-12-14 07:04 A 0.20 0.65 He+ no U
2013-12-14 20:23 2013-12-14 20:35 B 0.21 0.62 He+ no U
2013-12-15 13:12 2013-12-15 13:36 A 0.50 1.10 O+ no U
2013-12-15 14:39 2013-12-15 14:50 A 0.31 0.48 He+ no U
2013-12-15 16:51 2013-12-15 17:15 A 0.51 0.57 He+ no U
2013-12-16 02:07 2013-12-16 02:24 A 0.19 0.27 He+ no U
2013-12-24 03:34 2013-12-24 05:30 B 0.12 0.20 O+ yes U
2013-12-24 03:54 2013-12-24 05:10 A 0.12 0.21 O+ yes U
2013-12-24 05:46 2013-12-24 06:20 B 0.15 0.23 O+ yes U
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2013-12-24 05:52 2013-12-24 06:31 A 0.14 0.22 O+ yes U
2013-12-25 18:15 2013-12-25 18:21 A 2.08 2.30 H+ no U
2013-12-25 18:21 2013-12-25 18:29 A 1.82 2.08 H+ yes U
2013-12-25 18:22 2013-12-25 18:31 B 1.75 2.03 H+ yes U
2013-12-25 18:33 2013-12-25 18:39 A 0.81 0.98 H+ no U
2013-12-25 20:56 2013-12-25 21:10 B 1.22 1.39 H+ no U
2013-12-25 21:02 2013-12-25 21:17 B 2.53 2.92 H+ yes PP
2013-12-25 21:09 2013-12-25 21:15 A 2.70 2.92 H+ yes U
2013-12-25 21:23 2013-12-25 21:27 A 1.56 1.70 He+ no U
2013-12-25 21:33 2013-12-25 21:45 A 3.60 4.35 H+ yes U
2013-12-25 21:34 2013-12-25 21:48 B 3.30 4.50 H+ yes PP
2013-12-26 03:16 2013-12-26 04:50 A 0.43 0.56 He+ yes U
2013-12-26 03:35 2013-12-26 04:57 B 0.44 0.57 He+ yes U
2013-12-26 04:45 2013-12-26 05:11 A 0.28 0.33 He+ yes U
2013-12-26 20:48 2013-12-26 22:33 A 0.94 1.22 H+ yes U
2013-12-26 21:01 2013-12-26 22:33 B 0.95 1.20 H+ yes U
2013-12-27 09:01 2013-12-27 09:21 A 1.16 1.25 H+ no U
2013-12-27 23:40 2013-12-28 00:12 A 1.20 1.34 H+ yes PP
2013-12-28 01:46 2013-12-28 02:07 B 1.00 1.10 H+ no U
2013-12-28 19:08 2013-12-28 19:26 A 0.24 0.49 He+ no U
2014-01-01 11:32 2014-01-01 11:44 A 1.06 1.30 H+ no U
2014-01-01 13:25 2014-01-01 13:29 A 0.66 0.82 H+ no U
2014-01-01 14:20 2014-01-01 14:34 A 0.15 0.39 He+ yes U
2014-01-01 14:21 2014-01-01 14:43 B 0.15 0.48 He+ yes U
2014-01-01 14:46 2014-01-01 14:58 B 0.27 0.49 He+ no U
2014-01-01 14:55 2014-01-01 15:02 B 0.60 0.84 H+ no U
2014-01-01 15:04 2014-01-01 15:13 B 0.65 0.88 H+ no U
2014-01-01 19:01 2014-01-01 20:26 A 0.21 0.74 He+ yes U
2014-01-01 20:08 2014-01-01 20:33 B 0.33 0.65 He+ yes U
2014-01-01 22:08 2014-01-01 22:29 A 0.81 1.19 H+ yes U
2014-01-01 22:20 2014-01-01 22:38 B 0.87 1.33 H+ yes U
2014-01-02 01:07 2014-01-02 01:10 A 1.02 1.34 He+ no U
2014-01-02 05:09 2014-01-02 05:23 A 0.88 1.36 H+ no U
2014-01-02 07:13 2014-01-02 07:36 B 0.73 0.97 H+ no U
2014-01-02 16:04 2014-01-02 16:22 A 0.56 0.94 H+ yes U
2014-01-02 16:15 2014-01-02 16:21 B 0.75 1.07 H+ yes U
2014-01-02 16:31 2014-01-02 16:35 B 0.87 1.02 H+ no U
2014-01-03 12:01 2014-01-03 12:16 B 0.72 1.18 H+ no U
2014-01-04 09:06 2014-01-04 09:28 A 0.41 0.68 O+ no U
2014-01-04 10:39 2014-01-04 11:44 A 0.45 0.67 He+ no U
2014-01-04 18:12 2014-01-04 18:29 A 0.17 0.25 O+ no U
2014-01-05 03:15 2014-01-05 04:05 A 0.32 0.55 O+ no PP
2014-01-05 04:05 2014-01-05 06:03 A 0.26 0.55 He+ yes PP
2014-01-05 05:57 2014-01-05 06:32 B 0.42 0.51 He+ no PP
2014-01-05 07:06 2014-01-05 09:36 B 0.16 0.43 He+ yes PP
2014-01-07 23:36 2014-01-07 23:44 B 0.34 0.45 He+ no U
2014-01-08 21:41 2014-01-08 22:11 A 0.21 0.46 O+ no U
2014-01-08 23:15 2014-01-09 00:57 A 0.46 0.67 He+ yes U
2014-01-08 23:34 2014-01-09 01:10 A 0.24 0.46 He+ yes U
2014-01-09 20:12 2014-01-09 20:19 B 0.70 1.30 H+ no U
2014-01-10 20:20 2014-01-10 20:46 A 1.73 2.06 H+ no U
2014-01-10 21:01 2014-01-10 21:24 A 1.90 2.30 H+ no U
2014-01-10 21:38 2014-01-10 21:49 A 2.07 2.18 H+ no U
2014-01-11 12:16 2014-01-11 12:53 A 0.21 0.38 O+ no U
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2014-01-11 12:51 2014-01-11 14:42 A 0.21 0.43 He+ no U
2014-01-11 21:00 2014-01-11 21:23 A 0.16 0.25 O+ no U
2014-01-11 21:14 2014-01-11 21:25 A 0.23 0.37 O+ no U
2014-01-11 23:29 2014-01-11 23:57 A 0.41 0.52 He+ no U
2014-01-14 00:10 2014-01-14 00:40 B 0.27 0.41 He+ no U
2014-01-17 07:41 2014-01-17 11:26 B 0.12 0.21 O+ yes U
2014-01-17 12:31 2014-01-17 14:05 A 0.10 0.16 O+ yes U
2014-01-18 18:50 2014-01-18 19:42 A 0.15 0.25 He+ yes U
2014-01-18 22:34 2014-01-18 22:42 B 0.31 0.39 He+ no U
2014-01-18 22:38 2014-01-19 00:36 B 0.14 0.26 O+ no U
2014-01-19 04:03 2014-01-19 05:04 A 0.19 0.23 O+ yes U
2014-01-21 00:14 2014-01-21 01:30 A 0.20 0.32 He+ no U
2014-01-21 00:29 2014-01-21 01:26 A 0.38 0.46 He+ no U
2014-01-21 06:26 2014-01-21 07:53 A 0.12 0.30 O+ no U
2014-01-21 10:50 2014-01-21 11:38 A 0.12 0.20 O+ no U
2014-01-21 12:00 2014-01-21 12:28 B 0.23 0.30 He+ no PP
2014-01-24 01:26 2014-01-24 02:27 A 0.10 0.21 O+ no U
2014-01-24 03:12 2014-01-24 03:39 B 0.35 0.65 He+ no U
2014-01-25 01:12 2014-01-25 02:48 A 0.10 0.20 O+ no U
2014-01-27 19:08 2014-01-27 19:39 B 0.40 0.65 He+ no U
2014-01-27 20:44 2014-01-27 21:45 B 0.33 0.56 He+ no U
2014-01-28 18:34 2014-01-28 20:49 A 0.10 0.20 O+ no U
2014-02-01 03:22 2014-02-01 04:44 A 0.15 0.32 O+ no U
2014-02-02 14:22 2014-02-02 14:27 A 0.54 0.64 He+ no U
2014-02-02 15:11 2014-02-02 15:33 A 0.46 0.54 He+ no U
2014-02-02 16:02 2014-02-02 17:32 A 0.46 0.58 He+ no U
2014-02-03 00:23 2014-02-03 00:40 A 0.25 0.38 He+ no U
2014-02-03 01:06 2014-02-03 02:47 A 0.18 0.39 He+ no U
2014-02-03 03:35 2014-02-03 04:50 A 0.17 0.26 O+ no U
2014-02-03 14:49 2014-02-03 17:03 B 0.14 0.26 He+ no U
2014-02-03 18:26 2014-02-03 18:45 B 1.44 1.63 H+ no U
2014-02-03 21:26 2014-02-03 21:44 A 2.08 2.27 H+ no U
2014-02-04 00:15 2014-02-04 00:53 B 0.24 0.35 He+ no U
2014-02-04 03:15 2014-02-04 04:07 B 0.14 0.22 O+ no U
2014-02-07 17:07 2014-02-07 17:52 B 0.30 0.46 He+ no U
2014-02-07 17:07 2014-02-07 17:18 B 0.49 1.20 He+ no U
2014-02-07 17:41 2014-02-07 18:00 B 0.62 0.88 He+ no U
2014-02-07 20:57 2014-02-07 21:47 B 0.33 0.64 He+ no U
2014-02-07 21:35 2014-02-07 21:41 B 1.02 1.54 H+ yes U
2014-02-07 21:35 2014-02-07 21:40 A 1.03 1.56 H+ yes U
2014-02-07 22:23 2014-02-07 23:00 A 0.62 1.20 H+ no U
2014-02-08 01:17 2014-02-08 02:06 A 2.80 5.40 H+ no U
2014-02-08 01:25 2014-02-08 01:49 B 3.60 5.10 H+ no U
2014-02-08 01:29 2014-02-08 01:37 B 0.80 2.20 He+ no U
2014-02-08 02:45 2014-02-08 02:49 B 3.37 3.90 H+ no U
2014-02-08 04:34 2014-02-08 05:32 B 0.34 0.82 He+ no U
2014-02-08 05:32 2014-02-08 05:37 B 0.90 1.70 H+ no U
2014-02-08 09:13 2014-02-08 09:33 A 1.00 1.70 H+ no U
2014-02-08 10:37 2014-02-08 10:40 B 0.63 0.94 He+ no U
2014-02-08 12:16 2014-02-08 12:26 B 1.50 1.82 H+ no U
2014-02-09 04:51 2014-02-09 04:58 A 1.05 1.36 He+ no U
2014-02-09 07:25 2014-02-09 07:51 B 0.50 0.97 H+ no U
2014-02-09 16:55 2014-02-09 17:19 B 0.73 1.05 H+ no U
2014-02-09 17:07 2014-02-09 17:19 B 0.38 0.52 He+ no U
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2014-02-09 18:49 2014-02-09 19:26 A 0.70 1.36 H+ no U
2014-02-09 19:33 2014-02-09 19:35 A 0.90 1.15 H+ no U
2014-02-11 16:57 2014-02-11 17:32 A 0.97 1.20 H+ no U
2014-02-11 22:49 2014-02-11 23:03 B 0.16 0.35 He+ yes U
2014-02-11 23:18 2014-02-11 23:34 B 0.22 0.39 He+ yes U
2014-02-12 00:20 2014-02-12 00:53 A 0.17 0.50 He+ yes U
2014-02-12 01:31 2014-02-12 01:59 A 0.28 0.50 He+ yes U
2014-02-13 03:59 2014-02-13 04:18 B 0.25 0.44 He+ yes U
2014-02-13 04:38 2014-02-13 05:38 B 0.23 0.42 O+ yes U
2014-02-13 05:22 2014-02-13 06:19 A 0.16 0.53 He+ yes PP
2014-02-13 06:40 2014-02-13 07:18 A 0.17 0.35 O+ yes U
2014-02-13 09:48 2014-02-13 10:09 A 0.59 0.79 O+ no U
2014-02-13 10:11 2014-02-13 10:50 A 0.52 0.80 He+ no U
2014-02-13 11:16 2014-02-13 12:15 A 1.16 1.38 H+ no PP
2014-02-13 12:24 2014-02-13 13:37 A 0.37 0.53 He+ no U
2014-02-13 12:51 2014-02-13 13:26 B 0.67 0.89 He+ yes PP
2014-02-13 12:56 2014-02-13 13:14 B 1.20 1.34 H+ no U
2014-02-13 23:20 2014-02-13 23:34 A 0.51 0.62 He+ no U
2014-02-14 01:34 2014-02-14 02:59 B 0.19 0.32 O+ yes PP
2014-02-14 04:00 2014-02-14 05:19 B 0.19 0.28 He+ no PP
2014-02-14 04:25 2014-02-14 06:14 B 0.25 0.36 He+ yes PP
2014-02-14 06:54 2014-02-14 07:56 A 0.19 0.26 He+ yes PP
2014-02-14 06:56 2014-02-14 07:13 B 0.27 0.42 He+ no U
2014-02-14 07:05 2014-02-14 08:04 B 0.19 0.27 O+ no U
2014-02-15 14:53 2014-02-15 15:26 B 0.35 0.50 He+ yes U
2014-02-15 17:00 2014-02-15 17:20 A 0.42 0.55 He+ yes U
2014-02-15 17:27 2014-02-15 17:32 A 0.78 0.88 He+ no U
2014-02-15 17:28 2014-02-15 18:21 B 0.38 0.49 He+ yes U
2014-02-15 18:31 2014-02-15 19:04 B 0.58 0.99 He+ no U
2014-02-15 18:47 2014-02-15 19:31 B 0.42 0.61 He+ yes U
2014-02-15 21:05 2014-02-15 21:11 A 0.42 0.56 He+ yes U
2014-02-15 21:35 2014-02-15 21:43 A 0.46 0.65 He+ yes U
2014-02-16 02:11 2014-02-16 02:27 A 0.36 0.88 He+ no U
2014-02-16 03:18 2014-02-16 03:29 B 0.40 0.67 He+ no U
2014-02-16 03:48 2014-02-16 03:53 B 0.57 0.72 He+ no U
2014-02-16 21:21 2014-02-16 21:29 A 0.80 1.24 H+ no U
2014-02-17 17:47 2014-02-17 17:53 A 0.44 0.58 He+ no U
2014-02-18 01:07 2014-02-18 01:10 A 0.70 0.80 H+ no U
2014-02-18 01:23 2014-02-18 01:36 A 0.59 0.82 H+ no U
2014-02-18 07:06 2014-02-18 07:14 B 0.78 0.96 H+ no U
2014-02-18 08:20 2014-02-18 09:24 B 0.55 1.13 He+ no U
2014-02-18 10:36 2014-02-18 10:45 A 1.03 1.11 H+ no U
2014-02-18 14:09 2014-02-18 14:43 B 0.28 0.48 O+ no U
2014-02-19 01:14 2014-02-19 01:33 B 0.43 0.80 He+ no U
2014-02-19 02:03 2014-02-19 02:34 B 0.52 0.90 H+ yes U
2014-02-19 04:35 2014-02-19 04:48 A 0.65 0.94 H+ no U
2014-02-19 07:32 2014-02-19 07:40 B 2.50 5.40 He+ yes U
2014-02-19 09:05 2014-02-19 09:17 A 2.70 7.50 He+ yes U
2014-02-19 09:11 2014-02-19 09:31 B 0.22 0.65 He+ no U
2014-02-19 11:35 2014-02-19 12:32 A 0.30 0.57 He+ no U
2014-02-19 12:58 2014-02-19 13:03 A 0.90 1.40 H+ no U
2014-02-19 13:19 2014-02-19 14:02 A 0.90 2.20 H+ no U
2014-02-19 14:21 2014-02-19 14:58 B 1.00 3.30 He+ yes U
2014-02-19 14:38 2014-02-19 14:43 A 1.45 1.75 H+ no U
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2014-02-19 15:06 2014-02-19 15:24 B 2.30 9.00 He+ yes U
2014-02-19 16:14 2014-02-19 16:48 A 0.90 4.00 He+ yes U
2014-02-19 17:01 2014-02-19 17:31 B 0.70 2.00 He+ yes U
2014-02-19 17:37 2014-02-19 17:50 B 0.19 0.51 O+ no U
2014-02-19 18:49 2014-02-19 18:53 A 0.90 1.30 He+ yes U
2014-02-19 19:00 2014-02-19 19:06 A 0.60 0.84 He+ yes U
2014-02-19 19:37 2014-02-19 19:40 A 0.30 0.60 He+ yes U
2014-02-20 00:40 2014-02-20 00:50 A 0.40 0.65 He+ no U
2014-02-20 03:18 2014-02-20 04:07 A 1.60 4.00 He+ no U
2014-02-20 03:26 2014-02-20 03:32 B 1.20 1.80 H+ no U
2014-02-20 03:39 2014-02-20 03:43 B 0.90 2.20 H+ no U
2014-02-20 03:46 2014-02-20 03:51 B 0.90 2.50 H+ no U
2014-02-20 04:04 2014-02-20 04:08 B 1.00 2.10 H+ no U
2014-02-20 05:53 2014-02-20 06:08 B 0.15 0.47 He+ yes U
2014-02-20 05:54 2014-02-20 07:18 A 0.16 0.53 He+ yes U
2014-02-20 12:33 2014-02-20 13:02 A 0.80 2.10 He+ no U
2014-02-20 15:59 2014-02-20 16:27 B 1.08 1.30 H+ yes U
2014-02-20 17:47 2014-02-20 18:04 B 0.80 2.10 He+ yes U
2014-02-20 17:51 2014-02-20 17:57 A 1.20 1.38 H+ yes U
2014-02-20 19:16 2014-02-20 19:24 A 0.87 1.34 He+ yes U
2014-02-20 19:59 2014-02-20 20:05 B 1.20 1.90 He+ yes U
2014-02-20 21:32 2014-02-20 21:49 A 0.80 1.60 He+ yes U
2014-02-21 02:39 2014-02-21 02:45 B 0.84 1.10 He+ no U
2014-02-22 01:32 2014-02-22 03:40 B 0.30 1.30 H+ yes U
2014-02-22 01:59 2014-02-22 03:19 A 0.40 1.40 H+ yes U
2014-02-22 10:44 2014-02-22 10:53 B 0.70 0.93 H+ yes U
2014-02-22 11:37 2014-02-22 11:41 A 0.77 0.96 H+ yes U
2014-02-22 12:46 2014-02-22 13:11 A 0.70 0.96 H+ no U
2014-02-22 17:09 2014-02-22 17:37 B 1.35 2.25 He+ yes U
2014-02-22 17:35 2014-02-22 18:40 B 1.60 3.00 H+ no U
2014-02-22 18:11 2014-02-22 18:27 A 1.80 2.80 He+ yes U
2014-02-22 20:19 2014-02-22 22:01 B 0.68 1.24 H+ yes U
2014-02-22 20:29 2014-02-22 21:39 A 0.80 1.24 H+ yes U
2014-02-22 22:20 2014-02-22 22:45 B 1.25 1.45 H+ no U
2014-02-22 22:45 2014-02-22 22:52 B 0.63 0.70 He+ no U
2014-02-23 02:37 2014-02-23 03:03 B 1.60 2.70 H+ yes U
2014-02-23 03:06 2014-02-23 03:37 B 1.07 1.84 H+ no U
2014-02-23 03:36 2014-02-23 04:12 A 1.60 4.40 H+ yes PP
2014-02-23 03:40 2014-02-23 03:48 B 1.47 1.62 H+ no PP
2014-02-23 03:40 2014-02-23 03:51 B 1.63 2.16 H+ no PP
2014-02-23 03:45 2014-02-23 04:03 B 0.82 1.25 H+ no U
2014-02-23 03:56 2014-02-23 04:05 B 1.29 1.61 H+ no PP
2014-02-23 03:56 2014-02-23 04:04 B 1.57 1.95 H+ no U
2014-02-23 04:07 2014-02-23 04:26 B 1.53 1.85 H+ no U
2014-02-23 04:40 2014-02-23 05:38 A 1.46 2.40 H+ yes PP
2014-02-23 04:40 2014-02-23 05:09 B 1.50 2.00 H+ yes U
2014-02-23 04:46 2014-02-23 05:16 B 0.74 1.03 H+ yes U
2014-02-23 04:55 2014-02-23 05:08 A 1.02 1.38 H+ yes U
2014-02-23 05:02 2014-02-23 05:16 B 0.99 1.60 H+ yes PP
2014-02-23 05:17 2014-02-23 05:39 B 0.74 1.40 H+ yes PP
2014-02-23 05:19 2014-02-23 05:38 A 0.95 1.38 H+ yes U
2014-02-23 05:42 2014-02-23 06:31 B 0.79 1.53 H+ yes PP
2014-02-23 05:43 2014-02-23 05:52 A 0.85 1.70 H+ yes U
2014-02-23 05:53 2014-02-23 06:47 A 0.80 1.10 H+ yes U
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2014-02-23 05:55 2014-02-23 06:47 A 1.10 1.38 H+ yes PP
2014-02-23 06:33 2014-02-23 06:44 B 0.85 1.12 H+ yes U
2014-02-23 06:37 2014-02-23 06:46 B 1.15 1.32 H+ yes PP
2014-02-23 06:48 2014-02-23 07:00 B 0.80 1.30 H+ yes PP
2014-02-23 06:49 2014-02-23 07:02 A 0.81 1.07 H+ no PP
2014-02-23 06:49 2014-02-23 06:59 A 1.07 1.35 H+ yes PP
2014-02-23 07:01 2014-02-23 07:09 B 0.80 1.90 H+ yes U
2014-02-23 07:02 2014-02-23 07:11 A 0.75 1.60 H+ yes U
2014-02-23 07:14 2014-02-23 08:04 A 0.90 2.40 H+ yes U
2014-02-23 07:14 2014-02-23 08:01 B 1.00 3.20 H+ yes U
2014-02-23 14:35 2014-02-23 14:42 A 0.95 1.13 H+ no U
2014-02-23 14:51 2014-02-23 15:05 A 0.88 1.32 H+ no U
2014-02-23 15:02 2014-02-23 15:07 A 0.51 0.73 He+ no U
2014-02-23 17:00 2014-02-23 17:21 A 0.36 0.45 He+ no U
2014-02-23 19:59 2014-02-23 20:02 B 2.30 3.60 He+ yes U
2014-02-23 21:04 2014-02-23 21:09 A 1.80 3.00 He+ yes U
2014-02-24 10:35 2014-02-24 10:42 A 0.80 0.97 H+ no U
2014-02-24 11:28 2014-02-24 11:34 B 0.45 0.58 He+ no U
2014-02-24 11:56 2014-02-24 12:00 B 0.80 1.19 He+ no U
2014-02-24 15:57 2014-02-24 17:09 B 0.30 0.57 He+ yes U
2014-02-24 16:49 2014-02-24 17:52 A 0.30 0.74 He+ yes U
2014-02-24 18:07 2014-02-24 18:42 B 0.32 0.55 He+ no U
2014-02-24 20:49 2014-02-24 21:11 A 0.35 0.55 H+ no U
2014-02-25 01:22 2014-02-25 01:44 B 0.68 0.80 He+ yes PP
2014-02-25 01:32 2014-02-25 01:40 A 0.71 0.80 He+ yes U
2014-02-25 03:07 2014-02-25 03:24 B 0.76 0.91 H+ yes PP
2014-02-25 03:16 2014-02-25 03:27 B 0.37 0.45 He+ no U
2014-02-25 03:48 2014-02-25 04:05 B 0.25 0.57 He+ no U
2014-02-25 03:52 2014-02-25 04:34 A 0.74 0.98 H+ yes PP
2014-02-25 04:05 2014-02-25 04:21 B 0.34 0.52 He+ no U
2014-02-25 04:25 2014-02-25 04:41 B 0.37 0.58 He+ yes U
2014-02-25 05:00 2014-02-25 05:23 A 0.35 0.58 He+ yes U
2014-02-25 05:29 2014-02-25 05:43 A 0.48 0.61 He+ no U
2014-02-25 05:48 2014-02-25 06:10 A 0.51 0.78 He+ no PP
2014-02-26 03:01 2014-02-26 03:45 B 0.71 0.93 He+ yes PP
2014-02-26 03:48 2014-02-26 04:07 A 0.68 0.85 He+ yes PP
2014-02-26 04:18 2014-02-26 04:48 A 0.55 0.75 He+ no U
2014-02-26 06:59 2014-02-26 07:20 B 0.35 0.53 He+ yes U
2014-02-26 07:21 2014-02-26 07:58 B 0.40 0.61 He+ yes U
2014-02-26 07:30 2014-02-26 07:57 A 0.40 0.55 He+ no U
2014-02-26 07:59 2014-02-26 08:43 A 0.47 0.64 He+ yes U
2014-02-26 15:35 2014-02-26 15:57 A 0.35 0.49 He+ no U
2014-02-27 06:31 2014-02-27 06:41 B 0.59 0.81 He+ yes U
2014-02-27 07:07 2014-02-27 07:35 A 0.72 0.86 He+ yes U
2014-02-27 10:46 2014-02-27 11:01 B 0.55 0.70 He+ no U
2014-02-27 10:54 2014-02-27 11:27 A 0.50 0.64 He+ yes U
2014-02-27 11:02 2014-02-27 11:26 B 0.67 0.82 He+ yes U
2014-02-27 17:16 2014-02-27 17:27 A 0.53 0.93 He+ no U
2014-02-27 17:39 2014-02-27 18:18 B 0.46 0.83 He+ yes U
2014-02-27 17:40 2014-02-27 18:24 B 0.90 1.80 H+ yes U
2014-02-27 17:41 2014-02-27 18:18 A 0.47 0.93 He+ yes U
2014-02-27 17:41 2014-02-27 18:26 A 1.03 1.90 H+ yes U
2014-02-27 18:49 2014-02-27 20:03 A 0.34 0.72 He+ yes U
2014-02-27 19:42 2014-02-27 20:06 A 0.90 1.34 H+ no U
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2014-02-27 20:10 2014-02-27 20:31 A 0.25 0.78 He+ yes U
2014-02-27 20:15 2014-02-27 20:47 B 0.30 1.00 He+ yes U
2014-02-27 20:16 2014-02-27 20:32 A 0.78 1.37 H+ no U
2014-02-27 20:18 2014-02-27 20:29 B 0.11 0.14 O+ yes U
2014-02-27 20:22 2014-02-27 20:32 A 0.07 0.15 O+ yes U
2014-02-27 20:25 2014-02-27 20:51 B 1.00 3.50 H+ yes U
2014-02-27 20:34 2014-02-27 21:04 A 0.32 0.96 He+ yes U
2014-02-27 20:40 2014-02-27 21:05 A 0.93 2.10 H+ yes U
2014-02-28 06:44 2014-02-28 06:49 B 3.20 6.50 He+ yes U
2014-02-28 07:08 2014-02-28 07:24 A 3.70 6.70 He+ yes U
2014-02-28 14:37 2014-02-28 15:23 B 0.35 1.25 He+ yes U
2014-02-28 15:11 2014-02-28 15:51 A 0.40 1.38 He+ yes U
2014-02-28 15:19 2014-02-28 15:23 B 3.95 4.35 H+ yes U
2014-02-28 15:45 2014-02-28 15:49 A 4.05 4.45 H+ yes U
2014-02-28 17:49 2014-02-28 18:28 B 0.47 1.20 He+ yes U
2014-02-28 18:14 2014-02-28 18:37 A 0.59 1.38 He+ yes U
2014-02-28 19:18 2014-02-28 19:22 A 0.70 1.20 He+ no U
2014-02-28 23:36 2014-03-01 00:06 A 0.35 0.75 He+ yes U
2014-02-28 23:53 2014-03-01 00:28 A 0.35 0.78 He+ yes U
2014-03-01 00:15 2014-03-01 00:23 A 2.80 3.60 H+ no PP
2014-03-01 00:17 2014-03-01 00:29 B 2.80 3.90 H+ yes U
2014-03-01 00:31 2014-03-01 00:39 A 2.60 3.50 H+ yes U
2014-03-01 09:28 2014-03-01 09:36 B 1.04 1.80 He+ yes U
2014-03-01 09:41 2014-03-01 09:53 A 1.00 1.67 He+ yes U
2014-03-01 11:32 2014-03-01 11:46 B 0.50 2.50 He+ yes U
2014-03-01 11:59 2014-03-01 12:05 A 1.50 2.60 He+ yes U
2014-03-01 21:00 2014-03-01 21:39 B 1.30 2.40 He+ yes PP
2014-03-01 21:19 2014-03-01 21:40 A 1.46 2.00 He+ yes PP
2014-03-02 06:15 2014-03-02 07:20 B 1.40 2.00 H+ yes PP
2014-03-02 06:21 2014-03-02 07:21 A 1.50 2.40 H+ yes PP
2014-03-02 11:48 2014-03-02 12:21 A 0.85 1.15 He+ yes PP
2014-03-02 11:48 2014-03-02 12:09 B 0.81 1.15 He+ yes PP
2014-03-02 16:31 2014-03-02 16:53 B 0.56 0.67 He+ no U
2014-03-02 19:14 2014-03-02 20:17 B 0.45 0.79 He+ yes PP
2014-03-02 19:23 2014-03-02 20:32 A 0.45 0.75 He+ yes PP
2014-03-02 20:39 2014-03-02 20:50 B 0.85 1.03 He+ yes U
2014-03-02 20:42 2014-03-02 20:54 A 0.86 0.98 He+ yes U
2014-03-02 21:04 2014-03-02 21:18 B 1.05 1.34 He+ yes U
2014-03-02 21:20 2014-03-02 21:25 A 1.10 1.25 He+ yes U
2014-03-03 08:34 2014-03-03 09:15 B 1.70 3.10 He+ yes U
2014-03-03 08:37 2014-03-03 09:21 A 1.44 3.00 He+ yes U
2014-03-03 09:19 2014-03-03 10:32 B 1.30 3.00 H+ yes U
2014-03-03 09:30 2014-03-03 10:30 A 1.44 2.60 H+ yes U
2014-03-03 14:18 2014-03-03 14:40 A 1.44 2.00 H+ yes U
2014-03-03 14:19 2014-03-03 14:41 B 1.40 1.90 H+ yes U
2014-03-03 14:24 2014-03-03 14:38 B 0.80 0.94 He+ yes U
2014-03-03 14:47 2014-03-03 15:12 A 1.95 2.30 H+ yes U
2014-03-03 14:49 2014-03-03 15:15 B 0.90 1.36 He+ yes PP
2014-03-03 14:51 2014-03-03 15:17 A 0.95 1.38 He+ yes PP
2014-03-03 14:51 2014-03-03 15:10 B 1.83 2.40 H+ yes U
2014-03-03 15:16 2014-03-03 15:28 A 1.58 1.70 He+ yes U
2014-03-03 15:37 2014-03-03 15:54 A 0.97 1.27 He+ yes U
2014-03-03 15:37 2014-03-03 15:54 B 0.96 1.20 He+ yes U
2014-03-03 15:54 2014-03-03 16:11 B 0.97 1.18 O+ yes U
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2014-03-03 15:55 2014-03-03 16:11 A 0.96 1.20 O+ yes U
2014-03-03 19:05 2014-03-03 19:34 A 0.72 0.89 He+ no U
2014-03-04 03:01 2014-03-04 03:10 B 1.00 1.17 He+ yes U
2014-03-04 03:05 2014-03-04 03:19 A 0.97 1.13 He+ yes PP
2014-03-04 04:49 2014-03-04 05:03 B 0.51 0.88 He+ yes U
2014-03-04 04:50 2014-03-04 05:02 A 0.51 0.79 He+ yes U
2014-03-04 17:33 2014-03-04 17:50 B 0.72 0.86 He+ no U
2014-03-04 18:11 2014-03-04 18:23 A 1.30 1.65 He+ yes U
2014-03-04 18:12 2014-03-04 18:28 B 1.11 1.52 He+ yes U
2014-03-05 02:15 2014-03-05 02:35 B 0.67 0.80 He+ no U
2014-03-05 06:22 2014-03-05 06:41 A 0.94 1.07 He+ yes PP
2014-03-05 06:28 2014-03-05 06:57 B 0.83 1.08 He+ yes PP
2014-03-05 11:16 2014-03-05 11:45 A 0.57 0.80 He+ no U
2014-03-09 06:07 2014-03-09 06:59 A 0.11 0.16 O+ no PP
2014-03-10 03:02 2014-03-10 04:13 A 0.16 0.32 O+ no U
2014-03-10 06:22 2014-03-10 06:31 A 0.27 0.35 He+ no U
2014-03-10 07:48 2014-03-10 08:10 B 0.39 0.46 He+ no U
2014-03-10 07:49 2014-03-10 08:26 B 0.29 0.38 He+ no PP
2014-03-12 19:58 2014-03-12 21:18 A 0.24 0.29 He+ no U
2014-03-13 00:15 2014-03-13 00:33 A 0.18 0.34 O+ no U
2014-03-15 03:02 2014-03-15 03:27 B 0.29 0.48 He+ no U
2014-03-15 03:41 2014-03-15 03:50 B 0.30 0.48 He+ no U
2014-03-16 22:34 2014-03-16 23:04 A 0.33 0.44 He+ no U
2014-03-17 01:32 2014-03-17 02:56 B 0.26 0.42 He+ no U
2014-03-17 08:28 2014-03-17 09:22 A 0.37 0.47 He+ no U
2014-03-17 18:50 2014-03-17 19:11 A 1.06 1.13 H+ no U
2014-03-17 19:21 2014-03-17 19:35 A 0.59 0.67 He+ no U
2014-03-18 10:38 2014-03-18 10:41 A 2.10 2.40 H+ no U
2014-03-18 10:54 2014-03-18 10:58 A 2.17 2.48 H+ yes U
2014-03-18 10:55 2014-03-18 10:58 B 2.22 2.38 H+ yes U
2014-03-18 11:39 2014-03-18 11:52 A 2.30 2.60 H+ yes U
2014-03-18 11:41 2014-03-18 11:51 B 2.32 2.57 H+ yes U
2014-03-18 12:13 2014-03-18 12:19 A 1.71 1.83 H+ yes U
2014-03-18 12:24 2014-03-18 12:32 B 1.77 1.91 H+ yes U
2014-03-18 12:29 2014-03-18 12:31 A 1.76 1.86 H+ yes U
2014-03-18 12:56 2014-03-18 13:17 B 1.58 1.85 H+ yes U
2014-03-18 12:58 2014-03-18 13:14 A 1.59 1.78 H+ yes U
2014-03-18 13:25 2014-03-18 13:49 B 1.42 1.67 H+ no U
2014-03-18 14:01 2014-03-18 14:17 B 1.55 1.71 H+ yes U
2014-03-18 14:06 2014-03-18 14:09 A 1.61 1.71 H+ yes U
2014-03-19 14:27 2014-03-19 15:09 A 0.34 0.55 He+ no U
2014-03-19 14:47 2014-03-19 15:34 A 0.19 0.32 He+ no U
2014-03-20 02:12 2014-03-20 02:31 A 0.19 0.37 O+ no U
2014-03-20 10:18 2014-03-20 11:17 A 0.14 0.32 O+ yes U
2014-03-20 10:19 2014-03-20 10:31 A 0.46 0.68 He+ yes U
2014-03-20 10:20 2014-03-20 10:40 A 0.25 0.37 He+ yes U
2014-03-20 10:20 2014-03-20 10:44 B 0.48 0.70 He+ yes U
2014-03-20 10:20 2014-03-20 11:32 B 0.19 0.41 He+ yes U
2014-03-20 12:37 2014-03-20 13:37 B 0.22 0.37 O+ yes U
2014-03-23 07:14 2014-03-23 07:34 A 0.38 0.54 He+ no U
2014-03-24 03:32 2014-03-24 03:45 A 2.68 2.99 H+ no U
2014-03-25 21:23 2014-03-25 21:36 A 1.14 1.40 H+ no U
2014-03-25 21:43 2014-03-25 22:29 A 1.13 1.64 H+ no U
2014-03-26 07:51 2014-03-26 08:24 A 0.42 0.58 He+ no U
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2014-03-29 22:35 2014-03-29 22:52 B 0.38 0.70 He+ no U
2014-03-29 23:29 2014-03-29 23:41 A 0.44 0.83 He+ no U
2014-03-29 23:49 2014-03-30 00:00 A 0.48 0.83 He+ no U
2014-03-30 00:05 2014-03-30 00:23 A 0.50 0.79 He+ no U
2014-03-30 00:26 2014-03-30 00:35 A 0.50 0.73 He+ no U
2014-03-30 00:36 2014-03-30 00:47 A 0.49 0.71 He+ no U
2014-03-30 02:19 2014-03-30 03:03 A 0.45 0.64 He+ no U
2014-03-30 03:52 2014-03-30 04:07 A 0.21 0.29 O+ no U
2014-03-30 16:44 2014-03-30 17:45 B 0.25 0.38 O+ no U
2014-04-01 13:13 2014-04-01 14:42 B 0.15 0.25 O+ no PP
2014-04-02 11:49 2014-04-02 13:08 B 0.20 0.25 O+ no U
2014-04-02 12:15 2014-04-02 17:00 B 0.11 0.20 O+ no U
2014-04-05 07:06 2014-04-05 07:14 B 0.40 0.54 He+ no U
2014-04-05 16:50 2014-04-05 16:56 B 3.64 3.88 H+ no U
2014-04-05 20:54 2014-04-05 21:57 B 1.90 2.60 H+ no PP
2014-04-05 22:18 2014-04-05 22:42 B 1.54 1.98 H+ no U
2014-04-08 16:20 2014-04-08 16:35 A 0.13 0.51 O+ no U
2014-04-10 00:09 2014-04-10 00:23 A 0.24 0.34 He+ no U
2014-04-10 23:24 2014-04-11 00:07 B 0.42 0.55 He+ yes U
2014-04-11 00:12 2014-04-11 00:32 B 0.42 0.56 O+ yes U
2014-04-11 00:37 2014-04-11 01:57 A 0.42 0.66 He+ yes U
2014-04-11 02:30 2014-04-11 03:12 A 0.36 0.68 He+ yes U
2014-04-11 03:15 2014-04-11 03:51 A 0.41 0.66 He+ yes U
2014-04-11 03:40 2014-04-11 04:54 B 0.36 0.72 He+ no U
2014-04-11 03:59 2014-04-11 04:25 A 0.22 0.37 O+ no U
2014-04-11 04:01 2014-04-11 04:13 A 0.42 0.51 O+ yes U
2014-04-11 05:09 2014-04-11 05:53 B 0.41 0.73 He+ yes U
2014-04-11 16:46 2014-04-11 16:59 A 0.16 0.24 O+ no U
2014-04-12 01:47 2014-04-12 02:24 B 0.22 0.64 He+ no U
2014-04-12 09:23 2014-04-12 09:32 A 0.60 3.40 He+ yes U
2014-04-12 10:16 2014-04-12 10:23 A 0.60 0.72 He+ no U
2014-04-12 13:32 2014-04-12 13:40 A 0.75 1.10 H+ no U
2014-04-12 14:48 2014-04-12 14:56 B 0.52 1.30 O+ no U
2014-04-12 19:37 2014-04-12 20:13 B 1.30 1.90 H+ no PP
2014-04-12 21:33 2014-04-12 21:38 B 0.85 1.15 He+ no U
2014-04-12 22:19 2014-04-12 22:27 A 0.74 0.82 H+ no U
2014-04-13 05:51 2014-04-13 05:59 A 0.81 0.99 H+ yes PP
2014-04-13 11:50 2014-04-13 12:00 B 0.92 1.14 H+ yes U
2014-04-13 19:54 2014-04-13 20:01 B 1.06 1.29 H+ no U
2014-04-13 20:14 2014-04-13 20:19 B 0.99 1.10 H+ no U
2014-04-14 02:40 2014-04-14 02:54 A 1.65 1.98 H+ no U
2014-04-14 07:08 2014-04-14 08:44 A 1.10 2.60 H+ no PP
2014-04-14 07:46 2014-04-14 08:35 B 0.38 0.65 He+ no U
2014-04-14 09:09 2014-04-14 10:48 A 1.80 2.20 H+ no U
2014-04-14 12:24 2014-04-14 12:36 A 0.83 1.10 He+ no U
2014-04-14 15:11 2014-04-14 15:19 A 1.97 2.16 He+ no U
2014-04-14 16:07 2014-04-14 18:02 A 0.90 2.00 H+ no PP
2014-04-14 16:25 2014-04-14 17:06 A 0.70 1.00 He+ no U
2014-04-14 16:27 2014-04-14 17:45 B 1.09 1.42 H+ yes PP
2014-04-14 18:07 2014-04-14 18:18 B 2.07 2.25 H+ yes U
2014-04-14 18:28 2014-04-14 18:47 A 1.06 1.39 H+ no PP
2014-04-14 18:36 2014-04-14 18:55 B 1.37 1.86 He+ no U
2014-04-14 18:52 2014-04-14 20:33 A 0.64 1.14 H+ yes PP
2014-04-14 19:23 2014-04-14 20:55 A 0.33 0.66 He+ no U
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2014-04-14 20:50 2014-04-14 21:09 A 1.47 1.74 H+ yes U
2014-04-14 21:23 2014-04-14 22:35 A 0.24 0.45 O+ no U
2014-04-15 00:33 2014-04-15 00:50 A 1.53 1.93 He+ no PP
2014-04-15 01:02 2014-04-15 01:33 A 0.60 0.95 He+ no PP
2014-04-15 01:11 2014-04-15 01:38 A 1.50 1.90 H+ no PP
2014-04-15 02:47 2014-04-15 02:53 B 1.81 1.92 H+ no U
2014-04-15 03:10 2014-04-15 05:25 A 0.70 1.30 H+ no PP
2014-04-15 04:31 2014-04-15 05:27 A 0.30 0.63 He+ no U
2014-04-15 05:47 2014-04-15 06:02 A 0.28 0.51 He+ no U
2014-04-15 06:18 2014-04-15 06:31 B 2.20 2.52 H+ no U
2014-04-15 09:18 2014-04-15 09:24 A 2.27 2.44 He+ no U
2014-04-15 10:34 2014-04-15 10:44 A 1.64 1.90 H+ no U
2014-04-15 11:05 2014-04-15 11:38 B 0.48 0.70 He+ no U
2014-04-15 11:36 2014-04-15 12:01 B 0.60 0.82 He+ yes PP
2014-04-15 11:44 2014-04-15 11:49 B 1.30 1.66 H+ no U
2014-04-15 11:44 2014-04-15 12:30 B 0.41 0.56 He+ no U
2014-04-15 12:34 2014-04-15 13:09 B 0.35 0.50 O+ no U
2014-04-15 12:49 2014-04-15 13:12 B 0.54 0.70 O+ no U
2014-04-15 15:10 2014-04-15 15:42 A 0.42 0.92 He+ yes PP
2014-04-15 16:28 2014-04-15 16:51 B 1.32 1.50 H+ yes U
2014-04-16 00:36 2014-04-16 00:43 A 0.55 0.95 He+ no U
2014-04-16 02:31 2014-04-16 02:42 B 0.23 0.37 He+ no U
2014-04-16 02:51 2014-04-16 04:55 B 0.23 0.45 He+ no U
2014-04-16 04:48 2014-04-16 05:25 B 0.32 0.52 He+ no U
2014-04-16 06:22 2014-04-16 06:30 A 1.10 1.19 H+ no U
2014-04-16 06:48 2014-04-16 07:02 B 0.23 0.33 O+ no U
2014-04-16 08:40 2014-04-16 08:51 A 1.48 1.72 H+ no U
2014-04-16 09:52 2014-04-16 10:11 A 0.60 0.85 He+ yes PP
2014-04-16 11:23 2014-04-16 11:47 B 0.23 0.33 He+ no U
2014-04-16 12:20 2014-04-16 12:52 A 0.45 0.65 O+ no U
2014-04-16 12:28 2014-04-16 12:42 A 1.53 1.78 He+ no PP
2014-04-16 12:33 2014-04-16 12:38 A 1.08 1.21 He+ no U
2014-04-16 12:54 2014-04-16 13:27 A 0.50 0.72 He+ no U
2014-04-16 13:12 2014-04-16 13:20 A 1.48 1.85 H+ no U
2014-04-16 13:46 2014-04-16 14:36 A 0.45 0.67 He+ no PP
2014-04-16 15:16 2014-04-16 15:45 B 0.60 0.72 He+ yes U
2014-04-16 15:26 2014-04-16 15:53 A 1.17 1.41 H+ no U
2014-04-16 15:56 2014-04-16 16:28 B 0.56 0.75 O+ no U
2014-04-16 16:26 2014-04-16 17:20 A 0.43 0.62 He+ yes PP
2014-04-16 17:08 2014-04-16 17:57 A 1.04 1.41 H+ no U
2014-04-16 18:29 2014-04-16 18:45 A 0.94 1.13 He+ no U
2014-04-16 20:05 2014-04-16 20:12 B 0.55 0.61 He+ no U
2014-04-16 22:50 2014-04-16 23:39 B 0.59 0.84 He+ yes U
2014-04-16 23:29 2014-04-17 00:42 A 0.85 1.23 H+ no U
2014-04-17 01:28 2014-04-17 02:02 A 0.52 0.79 He+ no U
2014-04-17 11:40 2014-04-17 12:00 A 0.44 0.84 He+ no U
2014-04-17 13:10 2014-04-17 13:26 A 0.35 0.65 O+ no U
2014-04-17 18:03 2014-04-17 18:21 B 2.75 3.14 H+ no U
2014-04-18 12:30 2014-04-18 12:55 B 0.32 0.45 O+ no U
2014-04-18 15:36 2014-04-18 16:26 A 0.24 0.45 O+ no U
2014-04-19 03:59 2014-04-19 04:22 B 0.90 2.00 H+ no U
2014-04-19 04:05 2014-04-19 04:24 A 0.66 1.16 He+ no U
2014-04-19 04:14 2014-04-19 05:08 B 0.44 0.74 He+ no U
2014-04-20 08:57 2014-04-20 09:23 B 0.62 0.78 He+ no PP
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2014-04-20 08:59 2014-04-20 09:21 B 0.44 0.55 He+ no PP
2014-04-20 14:33 2014-04-20 15:04 B 0.50 0.70 He+ no U
2014-04-20 14:42 2014-04-20 15:21 B 0.21 0.34 He+ no U
2014-04-20 17:14 2014-04-20 17:21 B 1.19 1.34 H+ no U
2014-04-20 21:20 2014-04-20 21:24 B 0.51 0.58 O+ no U
2014-04-21 03:10 2014-04-21 04:05 B 0.18 0.39 O+ no U
2014-04-21 03:46 2014-04-21 03:53 A 1.22 1.41 H+ no U
2014-04-21 04:54 2014-04-21 05:12 A 2.77 3.24 H+ no U
2014-04-21 06:43 2014-04-21 06:48 A 0.80 1.30 He+ no U
2014-04-21 16:16 2014-04-21 16:22 B 0.42 0.97 He+ no U
2014-04-22 10:01 2014-04-22 10:09 B 0.21 0.57 O+ no U
2014-04-27 12:30 2014-04-27 13:10 B 0.32 0.63 He+ no U
2014-04-27 19:44 2014-04-27 20:21 A 0.27 0.41 He+ no PP
2014-04-27 23:21 2014-04-28 00:13 A 0.14 0.27 O+ no U
2014-04-29 17:20 2014-04-29 17:58 B 0.24 0.29 He+ no U
2014-04-29 17:22 2014-04-29 19:10 A 0.23 0.37 He+ no U
2014-04-29 18:23 2014-04-29 18:49 A 0.73 1.05 H+ no U
2014-04-29 18:51 2014-04-29 19:31 A 0.53 0.71 He+ no U
2014-04-29 19:00 2014-04-29 20:13 B 0.26 0.37 O+ no U
2014-04-29 20:13 2014-04-29 20:46 A 0.51 0.77 He+ no U
2014-04-29 23:03 2014-04-29 23:34 B 0.34 0.52 He+ no U
2014-05-01 00:23 2014-05-01 00:44 A 0.35 0.62 O+ no U
2014-05-01 04:26 2014-05-01 04:39 B 0.71 0.98 H+ no U
2014-05-01 04:44 2014-05-01 04:52 A 0.78 1.13 H+ yes U
2014-05-01 04:44 2014-05-01 04:52 B 0.76 1.19 H+ yes U
2014-05-01 04:59 2014-05-01 05:15 B 0.72 1.15 H+ yes U
2014-05-01 05:05 2014-05-01 05:14 A 0.76 0.97 H+ yes U
2014-05-01 06:22 2014-05-01 06:36 A 0.72 1.05 H+ no U
2014-05-01 06:41 2014-05-01 06:54 A 0.80 1.27 H+ no U
2014-05-01 12:22 2014-05-01 12:31 B 0.86 1.16 H+ no U
2014-05-01 15:08 2014-05-01 15:23 B 0.94 1.10 H+ no U
2014-05-01 17:35 2014-05-01 17:46 A 1.00 1.40 He+ no U
2014-05-01 20:41 2014-05-01 23:34 B 0.31 0.62 He+ yes U
2014-05-01 21:21 2014-05-01 23:25 B 0.64 1.21 H+ yes U
2014-05-01 21:59 2014-05-01 22:44 A 0.38 0.65 He+ yes U
2014-05-01 22:10 2014-05-01 22:31 A 0.82 1.32 H+ yes U
2014-05-01 22:47 2014-05-01 23:14 A 0.75 0.91 H+ yes U
2014-05-02 01:54 2014-05-02 02:18 B 0.39 0.55 O+ no U
2014-05-02 04:17 2014-05-02 04:43 B 0.41 0.57 O+ no U
2014-05-02 05:31 2014-05-02 06:01 B 0.46 0.66 He+ no U
2014-05-02 06:04 2014-05-02 06:23 B 0.40 0.55 He+ yes U
2014-05-02 06:19 2014-05-02 06:44 B 0.75 0.96 H+ yes U
2014-05-02 06:25 2014-05-02 06:37 B 0.35 0.50 He+ no PP
2014-05-02 06:41 2014-05-02 06:51 A 1.24 1.37 H+ no U
2014-05-02 06:43 2014-05-02 06:58 A 0.50 0.61 He+ yes U
2014-05-02 09:18 2014-05-02 09:40 B 0.52 0.70 He+ yes U
2014-05-02 09:20 2014-05-02 09:45 B 1.01 1.28 H+ no U
2014-05-02 09:42 2014-05-02 10:10 B 0.68 0.82 He+ no U
2014-05-02 10:56 2014-05-02 11:12 A 0.65 0.88 He+ yes U
2014-05-02 14:24 2014-05-02 14:39 B 1.26 1.44 H+ no U
2014-05-02 15:06 2014-05-02 16:40 B 0.38 0.51 He+ yes U
2014-05-02 15:41 2014-05-02 16:46 B 0.74 0.87 H+ no U
2014-05-02 16:07 2014-05-02 16:32 A 0.39 0.60 He+ yes U
2014-05-02 17:25 2014-05-02 18:18 B 0.34 0.55 He+ no PP
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2014-05-02 18:25 2014-05-02 18:44 B 0.41 0.60 He+ yes U
2014-05-02 18:37 2014-05-02 19:57 A 0.43 0.64 He+ yes U
2014-05-02 18:53 2014-05-02 19:34 B 0.80 0.89 He+ no PP
2014-05-02 19:03 2014-05-02 19:12 A 0.94 1.02 H+ yes U
2014-05-02 19:26 2014-05-02 19:36 A 0.89 1.09 H+ yes U
2014-05-02 19:51 2014-05-02 20:05 B 0.38 0.53 O+ no U
2014-05-03 00:34 2014-05-03 01:01 A 0.59 0.69 He+ no PP
2014-05-03 03:34 2014-05-03 03:48 B 0.58 0.69 He+ yes U
2014-05-03 04:14 2014-05-03 05:06 A 0.45 0.70 He+ yes PP
2014-05-03 17:54 2014-05-03 18:12 B 0.48 0.85 He+ no U
2014-05-04 08:20 2014-05-04 08:32 B 1.70 2.50 He+ no U
2014-05-04 23:36 2014-05-04 23:47 A 0.80 1.70 H+ yes U
2014-05-04 23:40 2014-05-04 23:49 B 0.80 1.70 H+ yes U
2014-05-05 00:30 2014-05-05 01:49 A 0.80 2.00 H+ no U
2014-05-05 02:22 2014-05-05 02:35 B 0.60 1.50 O+ no U
2014-05-05 02:49 2014-05-05 02:57 A 0.70 0.86 He+ no U
2014-05-05 09:09 2014-05-05 09:17 B 0.93 1.12 H+ yes U
2014-05-05 09:12 2014-05-05 09:22 A 0.82 1.10 H+ yes U
2014-05-06 03:42 2014-05-06 04:00 B 1.45 1.60 H+ no U
2014-05-06 08:13 2014-05-06 09:16 A 0.24 0.44 O+ no U
2014-05-06 08:56 2014-05-06 09:37 B 0.26 0.38 He+ yes U
2014-05-06 09:06 2014-05-06 09:23 B 1.10 1.39 H+ yes PP
2014-05-06 09:23 2014-05-06 09:59 A 0.18 0.39 He+ yes U
2014-05-06 09:46 2014-05-06 09:55 A 1.28 1.40 H+ no U
2014-05-06 09:53 2014-05-06 10:16 A 0.98 1.22 H+ yes PP
2014-05-06 10:01 2014-05-06 10:20 B 0.16 0.35 He+ yes U
2014-05-06 10:55 2014-05-06 11:09 A 0.78 0.93 H+ no U
2014-05-06 11:23 2014-05-06 12:11 A 0.16 0.29 He+ yes U
2014-05-06 11:49 2014-05-06 12:01 B 0.85 1.00 H+ yes U
2014-05-06 12:00 2014-05-06 12:13 B 0.20 0.26 He+ yes U
2014-05-06 12:22 2014-05-06 12:44 A 0.74 1.04 H+ yes U
2014-05-06 12:26 2014-05-06 12:39 B 0.87 1.10 H+ yes U
2014-05-06 12:30 2014-05-06 13:08 B 0.42 0.62 He+ yes PP
2014-05-06 12:41 2014-05-06 13:06 A 0.18 0.28 He+ yes U
2014-05-06 12:51 2014-05-06 13:04 A 0.90 1.02 H+ yes U
2014-05-06 12:57 2014-05-06 13:59 A 0.32 0.64 He+ yes PP
2014-05-06 13:18 2014-05-06 13:24 B 0.59 0.70 He+ no U
2014-05-06 13:33 2014-05-06 14:20 B 0.17 0.30 O+ yes U
2014-05-06 13:44 2014-05-06 14:44 A 0.16 0.30 O+ yes U
2014-05-06 14:46 2014-05-06 15:10 A 0.35 0.57 O+ yes U
2014-05-06 20:13 2014-05-06 20:23 B 0.83 0.90 H+ yes U
2014-05-06 20:17 2014-05-06 20:20 A 0.84 0.88 H+ yes U
2014-05-07 03:23 2014-05-07 03:38 A 0.63 0.73 He+ no U
2014-05-07 04:09 2014-05-07 04:31 A 0.48 0.55 He+ no U
2014-05-07 06:01 2014-05-07 06:28 B 0.49 0.57 He+ yes U
2014-05-07 06:14 2014-05-07 06:48 A 0.47 0.55 He+ yes U
2014-05-07 14:22 2014-05-07 15:05 A 0.33 0.41 He+ yes PP
2014-05-07 14:28 2014-05-07 14:55 B 0.32 0.43 He+ yes U
2014-05-07 15:38 2014-05-07 16:30 A 0.34 0.47 He+ no PP
2014-05-07 16:26 2014-05-07 17:15 B 0.48 0.75 He+ yes PP
2014-05-07 16:26 2014-05-07 17:12 B 0.38 0.50 He+ no PP
2014-05-07 16:46 2014-05-07 17:39 A 0.41 0.61 He+ yes PP
2014-05-07 16:57 2014-05-07 17:44 A 0.62 0.76 He+ yes PP
2014-05-07 17:15 2014-05-07 17:56 B 0.36 0.44 O+ yes PP
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2014-05-07 17:22 2014-05-07 18:05 B 0.42 0.59 O+ yes PP
2014-05-07 17:39 2014-05-07 18:19 A 0.39 0.54 O+ yes PP
2014-05-08 09:59 2014-05-08 10:14 A 1.00 2.20 H+ no U
2014-05-08 10:02 2014-05-08 10:14 B 1.20 2.00 H+ yes U
2014-05-08 11:36 2014-05-08 11:52 B 2.00 3.00 He+ no U
2014-05-09 03:07 2014-05-09 03:18 B 2.00 2.31 H+ yes U
2014-05-09 03:07 2014-05-09 03:20 A 2.00 2.30 H+ yes U
2014-05-09 13:55 2014-05-09 14:02 B 0.77 1.07 He+ no U
2014-05-09 13:56 2014-05-09 14:01 A 0.75 1.05 He+ yes U
2014-05-09 14:41 2014-05-09 14:47 A 0.79 0.98 He+ yes U
2014-05-09 14:43 2014-05-09 14:54 B 0.79 0.95 O+ yes U
2014-05-09 20:38 2014-05-09 20:54 A 0.60 2.20 H+ yes U
2014-05-09 20:38 2014-05-09 20:51 B 0.50 2.20 H+ yes U
2014-05-09 21:05 2014-05-09 21:28 A 0.80 1.40 H+ yes U
2014-05-09 21:07 2014-05-09 21:30 B 0.80 1.40 H+ yes U
2014-05-09 21:39 2014-05-09 22:29 B 0.80 1.90 H+ yes U
2014-05-09 21:42 2014-05-09 22:36 A 0.80 1.90 H+ yes U
2014-05-09 22:49 2014-05-09 22:54 B 0.86 1.19 He+ yes U
2014-05-09 23:04 2014-05-09 23:27 B 0.91 1.29 He+ yes U
2014-05-09 23:05 2014-05-09 23:41 A 0.63 1.35 He+ yes U
2014-05-10 04:17 2014-05-10 05:10 B 0.16 0.31 He+ yes U
2014-05-10 16:46 2014-05-10 17:13 A 0.40 0.77 He+ yes PP
2014-05-10 16:49 2014-05-10 17:10 B 0.40 0.77 He+ yes PP
2014-05-11 11:05 2014-05-11 11:47 A 0.50 1.40 He+ yes U
2014-05-11 11:05 2014-05-11 11:36 B 0.47 1.19 He+ yes U
2014-05-11 11:33 2014-05-11 11:56 A 0.38 0.79 O+ yes U
2014-05-11 11:33 2014-05-11 11:57 B 0.37 0.74 O+ yes U
2014-05-11 11:38 2014-05-11 11:52 B 0.93 1.37 He+ yes U
2014-05-11 11:40 2014-05-11 11:49 B 7.50 8.80 H+ yes U
2014-05-11 11:41 2014-05-11 11:55 A 7.40 8.80 H+ yes U
2014-05-11 11:47 2014-05-11 11:51 B 4.12 4.54 H+ yes PP
2014-05-11 11:55 2014-05-11 12:10 A 1.50 2.50 He+ yes U
2014-05-11 11:56 2014-05-11 12:07 B 1.60 2.30 He+ yes U
2014-05-11 12:06 2014-05-11 12:13 A 0.85 1.05 O+ yes U
2014-05-11 12:12 2014-05-11 12:22 B 0.86 1.14 O+ yes U
2014-05-11 12:13 2014-05-11 12:21 B 1.70 2.30 O+ yes U
2014-05-11 19:49 2014-05-11 19:57 B 0.59 0.89 He+ no U
2014-05-12 05:08 2014-05-12 05:44 A 0.33 0.62 O+ yes U
2014-05-12 05:17 2014-05-12 05:42 B 0.31 0.60 O+ yes U
2014-05-13 05:46 2014-05-13 06:17 A 0.40 0.65 He+ no U
2014-05-13 05:58 2014-05-13 06:10 A 0.74 1.18 H+ no U
2014-05-13 06:54 2014-05-13 07:06 B 0.53 0.74 He+ yes U
2014-05-13 07:02 2014-05-13 07:32 A 0.46 0.87 He+ yes U
2014-05-13 07:07 2014-05-13 07:27 A 0.94 1.41 H+ no U
2014-05-13 12:59 2014-05-13 13:36 A 0.39 0.46 He+ no U
2014-05-13 15:44 2014-05-13 15:52 A 0.44 0.50 He+ no PP
2014-05-13 16:06 2014-05-13 17:23 B 0.40 0.70 He+ yes PP
2014-05-13 16:25 2014-05-13 17:03 A 0.45 0.75 He+ yes PP
2014-05-13 22:05 2014-05-13 23:04 A 1.00 1.15 H+ no U
2014-05-13 23:24 2014-05-13 23:37 A 0.37 0.56 He+ yes U
2014-05-13 23:42 2014-05-13 23:48 B 0.41 0.52 He+ yes U
2014-05-14 18:57 2014-05-14 19:44 A 0.55 0.68 He+ no U
2014-05-15 13:17 2014-05-15 13:58 B 0.39 0.53 He+ no PP
2014-05-16 02:53 2014-05-16 04:10 B 0.12 0.35 O+ no U
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2014-05-16 11:17 2014-05-16 12:24 A 0.47 0.65 He+ no U
2014-05-16 15:52 2014-05-16 16:07 A 0.43 0.54 He+ no PP
2014-05-17 19:58 2014-05-17 20:26 B 0.19 0.29 O+ no U
2014-05-22 14:47 2014-05-22 15:38 A 0.20 0.36 He+ no U
2014-05-23 10:15 2014-05-23 10:19 A 0.56 0.74 He+ no U
2014-05-23 10:43 2014-05-23 10:55 A 0.54 0.68 O+ no U
2014-05-23 15:00 2014-05-23 15:09 B 0.23 0.40 O+ no U
2014-05-24 21:55 2014-05-24 22:43 A 0.13 0.35 O+ no U
2014-05-25 06:38 2014-05-25 07:14 A 0.39 0.48 He+ no U
2014-05-25 15:11 2014-05-25 16:05 B 0.52 0.68 He+ no U
2014-05-25 19:38 2014-05-25 20:30 A 0.12 0.29 O+ no U
2014-05-26 03:43 2014-05-26 04:01 B 0.33 0.46 O+ no U
2014-05-26 16:05 2014-05-26 16:41 A 0.84 0.92 H+ yes U
2014-05-26 18:38 2014-05-26 19:14 B 0.71 0.86 H+ yes U
2014-05-26 18:42 2014-05-26 19:42 B 0.37 0.49 He+ no U
2014-05-27 03:24 2014-05-27 04:41 B 0.14 0.23 He+ no U
2014-05-27 03:27 2014-05-27 05:20 A 0.13 0.22 O+ yes U
2014-05-27 05:08 2014-05-27 06:05 B 0.12 0.18 O+ yes U
2014-05-27 10:50 2014-05-27 11:34 B 0.17 0.35 He+ no PP
2014-05-27 11:44 2014-05-27 12:21 B 0.15 0.30 He+ no U
2014-05-27 12:22 2014-05-27 14:12 B 0.14 0.55 He+ no PP
2014-05-27 12:26 2014-05-27 12:51 A 0.20 0.36 O+ yes U
2014-05-27 14:10 2014-05-27 15:05 B 0.14 0.40 He+ no U
2014-05-28 11:24 2014-05-28 11:51 A 0.31 0.46 He+ no U
2014-05-29 09:33 2014-05-29 11:00 A 0.12 0.27 O+ yes U
2014-05-29 10:47 2014-05-29 11:19 B 0.16 0.29 He+ no U
2014-05-30 03:44 2014-05-30 04:03 A 0.38 0.66 He+ yes U
2014-05-30 05:32 2014-05-30 06:07 B 0.47 0.78 He+ yes U
2014-05-30 10:04 2014-05-30 10:44 A 0.17 0.30 He+ no PP
2014-05-30 10:15 2014-05-30 11:19 A 0.29 0.53 He+ no U
2014-05-30 10:26 2014-05-30 11:00 A 0.68 0.99 H+ yes U
2014-05-30 11:35 2014-05-30 11:57 A 0.42 0.85 He+ no U
2014-05-30 12:07 2014-05-30 12:26 A 0.31 0.71 He+ no U
2014-05-30 12:45 2014-05-30 14:00 A 0.20 0.53 O+ no U
2014-05-30 13:27 2014-05-30 14:00 B 0.87 1.13 H+ yes U
2014-05-30 22:45 2014-05-30 23:12 B 2.35 2.88 H+ no U
2014-05-31 11:50 2014-05-31 14:02 A 0.60 1.30 H+ no PP
2014-05-31 12:08 2014-05-31 13:11 B 0.22 0.59 O+ no U
2014-05-31 13:12 2014-05-31 14:34 B 0.31 0.63 He+ no U
2014-05-31 14:26 2014-05-31 14:39 A 0.75 0.96 He+ no U
2014-05-31 15:04 2014-05-31 15:26 A 0.73 1.00 He+ no U
2014-05-31 15:58 2014-05-31 16:30 B 0.28 0.60 He+ no U
2014-06-02 12:02 2014-06-02 12:30 B 0.26 0.31 He+ no U
2014-06-02 14:16 2014-06-02 14:59 B 0.25 0.32 He+ no U
2014-06-02 14:45 2014-06-02 16:04 B 0.19 0.26 O+ no U
2014-06-02 19:36 2014-06-02 19:48 B 0.39 0.54 He+ no U
2014-06-02 21:02 2014-06-02 21:19 A 0.16 0.27 O+ no U
2014-06-02 23:06 2014-06-02 23:25 B 0.41 0.71 He+ no U
2014-06-03 13:18 2014-06-03 13:35 B 0.25 0.32 O+ yes PP
2014-06-03 17:16 2014-06-03 17:44 B 0.39 0.51 He+ yes U
2014-06-03 18:28 2014-06-03 18:57 B 0.47 0.60 He+ no U
2014-06-03 18:57 2014-06-03 19:44 B 0.22 0.45 O+ yes U
2014-06-03 19:29 2014-06-03 19:47 A 0.21 0.31 O+ yes U
2014-06-03 20:33 2014-06-03 21:10 A 0.36 0.50 He+ no U
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2014-06-03 20:45 2014-06-03 21:05 A 0.24 0.31 He+ no U
2014-06-03 22:15 2014-06-03 22:56 A 0.23 0.30 He+ yes U
2014-06-03 23:36 2014-06-04 00:47 A 0.19 0.46 O+ yes U
2014-06-06 15:53 2014-06-06 16:08 A 0.33 0.60 O+ no U
2014-06-07 16:56 2014-06-07 17:01 A 0.85 1.23 H+ no U
2014-06-07 17:18 2014-06-07 17:23 B 0.69 1.05 He+ no U
2014-06-07 17:45 2014-06-07 18:07 A 0.51 0.86 He+ no PP
2014-06-07 19:06 2014-06-07 20:32 B 0.90 1.60 H+ no U
2014-06-08 04:43 2014-06-08 04:49 B 1.83 2.56 H+ no U
2014-06-08 08:20 2014-06-08 08:39 A 1.00 2.00 H+ no U
2014-06-08 10:09 2014-06-08 10:25 B 0.50 2.00 He+ no U
2014-06-08 13:12 2014-06-08 13:16 A 1.50 3.10 He+ no U
2014-06-09 12:53 2014-06-09 13:23 B 0.12 1.20 O+ no U
2014-06-09 13:03 2014-06-09 13:17 B 0.90 1.90 He+ no U
2014-06-10 11:13 2014-06-10 12:12 B 0.51 0.91 H+ no U
2014-06-10 11:33 2014-06-10 11:39 B 0.39 0.47 He+ no U
2014-06-10 12:15 2014-06-10 12:38 B 0.46 0.59 He+ no U
2014-06-10 13:54 2014-06-10 14:13 B 0.34 0.64 O+ no U
2014-06-11 00:14 2014-06-11 00:39 A 0.21 0.31 He+ no U
2014-06-11 04:11 2014-06-11 04:30 B 0.35 0.45 He+ no U
2014-06-11 04:38 2014-06-11 05:08 B 0.29 0.47 He+ no U
2014-06-11 07:05 2014-06-11 07:58 B 0.18 0.27 O+ no U
2014-06-11 07:17 2014-06-11 08:11 B 0.27 0.38 O+ no U
2014-06-13 12:16 2014-06-13 12:37 B 0.21 0.50 He+ no U
2014-06-13 13:43 2014-06-13 14:07 B 0.21 0.36 O+ no U
2014-06-14 01:31 2014-06-14 02:13 A 0.15 0.54 He+ no U
2014-06-14 01:41 2014-06-14 02:51 B 0.13 0.35 O+ no U
2014-06-16 05:34 2014-06-16 06:45 A 0.15 0.30 He+ no U
2014-06-20 07:20 2014-06-20 08:13 B 0.56 0.86 He+ no U
2014-06-21 05:05 2014-06-21 05:30 A 0.11 0.43 O+ no U
2014-06-21 11:34 2014-06-21 11:47 B 0.31 0.45 O+ no U
2014-06-22 15:35 2014-06-22 16:18 A 0.66 0.76 He+ no PP
2014-06-22 16:32 2014-06-22 16:44 A 0.87 0.94 He+ no U
2014-06-23 23:13 2014-06-23 23:17 B 0.48 0.64 He+ no U
2014-06-25 03:33 2014-06-25 04:45 B 0.12 0.24 O+ no U
2014-06-26 00:04 2014-06-26 01:14 A 0.23 0.38 He+ no U
2014-06-26 00:37 2014-06-26 01:06 A 0.43 0.52 He+ no U
2014-06-26 02:30 2014-06-26 03:26 B 0.17 0.31 O+ no U
2014-06-26 03:36 2014-06-26 04:29 B 0.19 0.31 He+ no U
2014-06-27 08:00 2014-06-27 12:15 B 0.12 0.25 O+ yes U
2014-06-27 09:22 2014-06-27 10:18 A 0.12 0.29 O+ no U
2014-06-30 01:05 2014-06-30 02:51 B 0.12 0.34 O+ no U
2014-07-04 05:53 2014-07-04 06:32 B 0.33 0.53 O+ no U
2014-07-05 01:00 2014-07-05 01:52 A 0.20 0.31 O+ no U
2014-07-06 11:35 2014-07-06 12:08 B 0.33 0.45 He+ no U
2014-07-06 12:27 2014-07-06 13:11 B 0.26 0.42 O+ no U
2014-07-06 13:50 2014-07-06 14:20 A 0.21 0.31 O+ yes U
2014-07-07 20:30 2014-07-07 23:15 B 0.11 0.18 O+ yes U
2014-07-07 20:56 2014-07-07 23:34 A 0.10 0.20 O+ yes U
2014-07-08 21:53 2014-07-08 22:05 B 0.18 0.28 O+ no U
2014-07-13 21:30 2014-07-13 21:54 B 0.23 0.43 He+ no U
2014-07-13 21:45 2014-07-13 22:16 A 0.70 0.95 H+ no U
2014-07-14 01:10 2014-07-14 01:18 A 0.46 0.75 He+ no U
2014-07-14 10:36 2014-07-14 10:54 B 0.26 0.54 O+ yes U
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2014-07-14 10:48 2014-07-14 11:10 A 0.27 0.46 O+ yes U
2014-07-14 14:27 2014-07-14 16:24 B 0.65 1.50 H+ yes U
2014-07-14 14:36 2014-07-14 16:24 A 0.80 1.90 H+ yes U
2014-07-14 14:37 2014-07-14 14:47 A 0.59 0.76 He+ no U
2014-07-14 15:30 2014-07-14 16:04 A 0.36 0.54 He+ no U
2014-07-15 00:27 2014-07-15 01:43 B 0.66 0.95 H+ yes U
2014-07-15 00:47 2014-07-15 01:39 A 0.67 0.96 H+ yes U
2014-07-15 02:12 2014-07-15 02:36 B 0.30 0.36 He+ no U
2014-07-15 07:29 2014-07-15 07:58 A 0.14 0.21 O+ yes U
2014-07-15 07:33 2014-07-15 08:05 A 0.12 0.20 O+ yes U
2014-07-25 01:41 2014-07-25 01:54 A 0.27 0.53 He+ no U
2014-07-27 21:46 2014-07-27 21:56 A 0.20 0.38 O+ yes U
2014-07-27 22:35 2014-07-27 23:30 B 0.18 0.40 O+ yes U
2014-08-01 18:32 2014-08-01 18:38 A 0.20 0.42 O+ yes U
2014-08-01 19:26 2014-08-01 19:51 B 0.13 0.34 O+ yes U
2014-08-01 22:26 2014-08-01 22:40 A 1.28 1.73 H+ no U
2014-08-03 13:15 2014-08-03 16:22 B 0.15 0.45 He+ no U
2014-08-03 14:42 2014-08-03 15:31 A 0.21 0.32 O+ yes U
2014-08-03 16:32 2014-08-03 17:37 B 0.22 0.32 O+ yes U
2014-08-11 12:26 2014-08-11 12:48 A 0.39 0.47 O+ yes PP
2014-08-11 15:10 2014-08-11 15:38 B 0.24 0.38 O+ yes U
2014-08-11 18:22 2014-08-11 18:38 B 0.19 0.25 O+ no U
2014-08-12 20:40 2014-08-12 21:53 A 0.14 0.29 He+ no U
2014-08-17 05:52 2014-08-17 06:43 A 0.22 0.48 He+ no U
2014-08-17 11:17 2014-08-17 13:00 B 0.18 0.48 He+ no U
2014-08-18 06:11 2014-08-18 06:52 B 0.67 0.89 H+ no U
2014-08-19 08:46 2014-08-19 10:10 B 0.54 1.01 H+ no U
2014-08-19 09:58 2014-08-19 10:23 B 0.26 0.56 He+ no U
2014-08-19 19:35 2014-08-19 19:47 A 0.63 0.97 O+ no U
2014-08-19 20:25 2014-08-19 20:41 A 1.90 3.00 H+ no U
2014-08-20 01:33 2014-08-20 01:48 B 0.13 0.37 He+ no U
2014-08-20 07:36 2014-08-20 07:42 A 0.87 1.03 H+ no U
2014-08-20 08:14 2014-08-20 08:34 A 0.91 1.02 H+ no U
2014-08-20 19:23 2014-08-20 20:13 A 0.24 0.99 He+ no U
2014-08-22 22:49 2014-08-23 01:11 A 0.17 0.51 He+ no U
2014-08-23 01:42 2014-08-23 02:31 A 0.19 0.47 O+ no U
2014-08-24 00:18 2014-08-24 00:41 B 0.46 0.52 He+ no U
2014-08-24 01:58 2014-08-24 03:28 A 0.26 0.38 He+ no PP
2014-08-24 14:20 2014-08-24 14:47 A 0.32 0.48 O+ no PP
2014-08-25 00:09 2014-08-25 01:16 B 0.38 0.51 He+ no PP
2014-08-25 01:15 2014-08-25 02:29 B 0.39 0.54 He+ no PP
2014-08-26 10:26 2014-08-26 11:32 A 0.23 0.37 O+ no U
2014-08-26 19:33 2014-08-26 20:53 B 0.37 0.73 He+ no U
2014-08-26 19:47 2014-08-26 20:35 B 0.17 0.37 O+ no U
2014-08-26 20:50 2014-08-26 22:21 B 0.11 0.18 O+ no U
2014-08-26 21:08 2014-08-26 22:09 B 0.30 0.62 He+ no U
2014-08-26 22:23 2014-08-26 23:12 B 0.33 0.70 He+ no U
2014-08-27 01:57 2014-08-27 02:28 A 0.68 0.86 H+ no U
2014-08-27 02:37 2014-08-27 04:03 A 0.16 0.44 He+ no U
2014-08-27 02:44 2014-08-27 03:33 A 0.75 1.02 H+ no U
2014-08-27 23:21 2014-08-27 23:28 A 1.00 3.00 He+ no U
2014-08-28 08:22 2014-08-28 08:31 A 0.80 3.50 He+ no U
2014-08-30 23:08 2014-08-30 23:17 A 2.44 3.03 He+ no PP
2014-08-31 06:41 2014-08-31 07:00 B 0.54 0.74 O+ no U
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2014-08-31 11:04 2014-08-31 11:43 A 0.10 0.22 O+ no U
2014-09-01 01:51 2014-09-01 01:54 A 0.71 0.98 He+ no U
2014-09-01 14:43 2014-09-01 14:55 A 0.25 0.36 He+ no U
2014-09-02 04:01 2014-09-02 04:12 B 0.57 0.75 O+ no U
2014-09-02 04:24 2014-09-02 04:53 B 0.80 0.98 He+ no U
2014-09-02 10:11 2014-09-02 10:20 B 1.74 2.03 H+ no U
2014-09-04 01:45 2014-09-04 01:59 B 0.04 0.34 O+ no U
2014-09-04 01:55 2014-09-04 02:24 A 0.39 0.69 O+ no U
2014-09-05 01:16 2014-09-05 01:19 B 1.23 1.44 H+ yes U
2014-09-05 01:39 2014-09-05 02:24 B 0.30 0.60 O+ no U
2014-09-05 03:02 2014-09-05 03:14 A 0.95 1.30 H+ yes U
2014-09-05 04:42 2014-09-05 04:54 A 0.63 0.78 O+ no U
2014-09-05 11:16 2014-09-05 11:32 B 1.97 2.14 He+ no PP
2014-09-05 22:37 2014-09-05 22:55 B 1.90 2.33 He+ no U
2014-09-06 05:31 2014-09-06 05:48 B 0.43 0.94 O+ no U
2014-09-06 08:54 2014-09-06 11:28 B 0.23 0.82 He+ no PP
2014-09-06 12:11 2014-09-06 13:19 A 0.62 1.06 H+ no U
2014-09-07 02:40 2014-09-07 02:52 B 0.18 0.23 O+ no U
2014-09-07 03:11 2014-09-07 03:19 B 0.22 0.34 He+ no U
2014-09-10 21:50 2014-09-10 21:58 B 0.30 0.37 He+ no U
2014-09-10 23:33 2014-09-10 23:59 B 0.78 1.02 H+ no U
2014-09-11 02:47 2014-09-11 02:59 B 0.82 0.97 O+ no U
2014-09-11 04:08 2014-09-11 04:23 A 1.82 2.37 He+ no U
2014-09-12 02:32 2014-09-12 02:43 B 0.47 0.75 H+ no U
2014-09-12 04:16 2014-09-12 04:19 A 0.33 0.48 He+ no U
2014-09-12 04:29 2014-09-12 04:58 A 0.90 1.40 H+ no U
2014-09-12 10:12 2014-09-12 10:18 A 0.48 0.75 He+ no U
2014-09-12 16:17 2014-09-12 16:33 A 1.80 2.30 He+ no U
2014-09-12 16:23 2014-09-12 16:38 A 0.60 1.20 O+ no U
2014-09-12 17:30 2014-09-12 17:43 B 0.20 0.90 He+ no PP
2014-09-12 19:48 2014-09-12 21:14 B 0.30 1.60 H+ yes U
2014-09-12 20:35 2014-09-12 20:37 A 0.52 0.77 H+ yes U
2014-09-13 01:24 2014-09-13 01:27 A 1.50 2.40 He+ no U
2014-09-13 02:05 2014-09-13 02:20 B 0.50 1.80 He+ yes U
2014-09-13 03:33 2014-09-13 03:43 A 0.30 1.40 O+ yes U
2014-09-13 08:27 2014-09-13 08:55 B 0.30 2.40 He+ yes U
2014-09-13 09:47 2014-09-13 10:01 A 0.34 0.90 He+ yes U
2014-09-13 17:40 2014-09-13 17:47 B 0.40 1.30 He+ yes U
2014-09-13 20:05 2014-09-13 20:15 B 0.20 1.90 He+ yes U
2014-09-13 21:24 2014-09-13 21:43 A 0.60 1.90 He+ yes U
2014-09-14 00:53 2014-09-14 02:14 B 0.14 0.55 He+ no U
2014-09-14 02:52 2014-09-14 03:08 B 0.70 2.00 He+ no U
2014-09-16 08:21 2014-09-16 08:38 B 0.81 1.05 He+ no U
2014-09-17 11:24 2014-09-17 12:06 B 0.51 0.85 He+ no U
2014-09-19 06:07 2014-09-19 07:53 A 0.30 1.40 H+ yes U
2014-09-19 06:10 2014-09-19 07:47 B 0.20 2.10 H+ yes U
2014-09-19 17:12 2014-09-19 17:20 B 0.70 0.88 He+ no U
2014-09-19 22:47 2014-09-19 23:12 A 0.26 0.38 He+ no U
2014-09-19 22:55 2014-09-19 23:13 B 0.22 0.43 He+ no U
2014-09-20 15:48 2014-09-20 15:58 B 0.64 0.75 He+ yes U
2014-09-20 16:07 2014-09-20 16:18 A 0.68 0.83 He+ yes U
2014-09-24 01:20 2014-09-24 01:34 B 0.12 0.21 O+ no U
2014-09-24 14:18 2014-09-24 14:27 B 0.52 0.63 He+ yes U
2014-09-26 14:57 2014-09-26 15:10 A 0.62 1.44 He+ yes U
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2014-09-26 15:21 2014-09-26 15:30 B 0.70 1.60 He+ yes U
2014-09-26 15:51 2014-09-26 15:58 B 0.41 0.67 He+ no U
2014-09-26 15:54 2014-09-26 16:02 B 0.65 1.11 He+ no U
2014-09-28 09:44 2014-09-28 10:30 B 0.35 0.51 O+ no U
2014-09-29 11:59 2014-09-29 12:57 B 0.12 0.57 O+ no U
2014-09-29 19:30 2014-09-29 20:27 A 0.12 0.36 O+ no U
2014-09-30 18:54 2014-09-30 19:30 A 0.12 0.20 O+ no PP
2014-10-01 13:22 2014-10-01 13:38 B 0.25 0.37 He+ no U
2014-10-01 16:12 2014-10-01 17:08 A 0.12 0.20 O+ no U
2014-10-01 18:49 2014-10-01 19:02 B 0.41 0.91 He+ no U
2014-10-04 06:11 2014-10-04 06:56 B 0.29 0.67 He+ no U
2014-10-04 07:24 2014-10-04 08:24 B 0.70 1.50 H+ no U
2014-10-04 13:16 2014-10-04 15:55 A 0.95 1.39 H+ yes U
2014-10-04 15:10 2014-10-04 17:09 B 0.84 1.25 H+ no U
2014-10-05 01:18 2014-10-05 01:34 A 0.14 0.33 He+ yes U
2014-10-05 02:23 2014-10-05 03:30 B 1.07 1.65 H+ no U
2014-10-05 02:56 2014-10-05 03:23 B 0.20 0.31 He+ yes U
2014-10-05 03:54 2014-10-05 04:12 B 1.26 1.57 He+ no U
2014-10-05 10:40 2014-10-05 11:08 B 0.76 0.96 H+ no U
2014-10-06 02:02 2014-10-06 02:19 B 0.33 0.41 He+ no U
2014-10-08 17:25 2014-10-08 19:00 B 0.19 0.41 He+ no U
2014-10-08 18:10 2014-10-08 18:28 A 0.11 0.22 O+ no U
2014-10-08 18:47 2014-10-08 19:26 A 0.48 0.70 He+ no U
2014-10-08 20:02 2014-10-08 20:11 A 1.69 2.00 H+ no U
2014-10-09 10:28 2014-10-09 10:37 B 0.44 0.65 He+ no U
2014-10-09 21:01 2014-10-09 21:37 B 0.20 0.32 He+ no PP
2014-10-09 21:04 2014-10-09 22:04 A 0.20 0.35 He+ no PP
2014-10-11 09:19 2014-10-11 09:29 A 0.23 0.75 He+ yes U
2014-10-11 11:20 2014-10-11 11:52 B 0.31 0.64 He+ yes U
2014-10-11 16:07 2014-10-11 16:30 A 0.67 1.07 H+ yes U
2014-10-11 17:48 2014-10-11 18:17 B 1.06 1.47 H+ yes U
2014-10-12 01:26 2014-10-12 02:17 A 0.66 0.80 H+ no U
2014-10-12 08:07 2014-10-12 09:05 A 1.01 1.34 He+ no PP
2014-10-12 20:27 2014-10-12 21:10 B 0.40 0.71 He+ no U
2014-10-12 21:37 2014-10-12 22:20 A 1.32 1.83 H+ yes U
2014-10-12 22:00 2014-10-12 22:07 B 1.06 1.33 H+ no U
2014-10-12 22:40 2014-10-12 22:45 B 0.86 1.04 H+ no U
2014-10-12 23:14 2014-10-13 00:19 B 0.90 1.36 H+ yes U
2014-10-13 03:16 2014-10-13 03:56 A 0.91 1.10 H+ no U
2014-10-13 04:43 2014-10-13 06:23 A 0.80 1.90 H+ no U
2014-10-13 05:45 2014-10-13 08:16 B 0.54 1.10 H+ no U
2014-10-14 10:39 2014-10-14 11:06 A 0.25 0.45 O+ no U
2014-10-14 14:34 2014-10-14 14:40 A 0.70 0.99 He+ no U
2014-10-14 15:59 2014-10-14 16:23 B 1.90 4.20 He+ no U
2014-10-14 22:54 2014-10-14 22:58 B 0.79 1.07 He+ no U
2014-10-14 23:17 2014-10-14 23:21 A 0.82 1.05 He+ no U
2014-10-15 02:59 2014-10-15 03:27 A 0.26 0.52 He+ no U
2014-10-15 03:51 2014-10-15 05:25 A 0.20 1.60 He+ no U
2014-10-15 06:41 2014-10-15 07:14 B 0.17 0.42 He+ no U
2014-10-15 19:41 2014-10-15 19:53 B 0.15 1.20 O+ no U
2014-10-18 00:23 2014-10-18 00:43 A 0.91 1.31 H+ no U
2014-10-18 14:19 2014-10-18 14:57 B 0.13 0.22 He+ no U
2014-10-18 16:47 2014-10-18 16:56 A 0.63 1.21 He+ no U
2014-10-18 20:11 2014-10-18 20:30 B 0.30 1.00 He+ no U
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2014-10-18 21:05 2014-10-18 21:18 B 0.40 0.64 He+ no U
2014-10-18 21:17 2014-10-18 21:25 B 0.21 0.41 He+ no U
2014-10-18 21:18 2014-10-18 21:32 B 0.40 0.54 He+ no U
2014-10-19 02:16 2014-10-19 02:27 A 0.30 0.41 He+ no U
2014-10-19 14:37 2014-10-19 14:49 B 0.30 0.68 He+ no U
2014-10-19 19:49 2014-10-19 19:57 A 0.33 0.89 He+ no U
2014-10-20 13:32 2014-10-20 14:00 B 0.12 0.22 O+ no PP
2014-10-20 14:25 2014-10-20 15:08 A 0.34 0.75 He+ no U
2014-10-20 15:03 2014-10-20 15:24 A 0.16 0.34 He+ yes U
2014-10-20 17:45 2014-10-20 18:08 B 0.29 0.54 He+ yes U
2014-10-21 12:05 2014-10-21 12:14 B 0.19 0.31 He+ no U
2014-10-21 17:40 2014-10-21 17:44 B 1.20 2.20 He+ no U
2014-10-21 20:11 2014-10-21 20:15 B 1.36 1.75 He+ no U
2014-10-23 14:57 2014-10-23 15:06 B 1.78 2.05 He+ no U
2014-10-23 18:22 2014-10-23 18:40 B 0.48 0.67 He+ no U
2014-10-23 18:23 2014-10-23 18:43 B 0.28 0.40 He+ no U
2014-10-24 13:19 2014-10-24 14:08 A 0.32 0.59 O+ no U
2014-10-24 13:21 2014-10-24 14:02 B 0.17 0.31 He+ no U
2014-10-24 13:36 2014-10-24 13:48 B 0.30 0.39 He+ no U
2014-10-25 16:09 2014-10-25 16:32 B 0.12 0.17 He+ no U
2014-10-26 13:30 2014-10-26 13:42 A 0.90 1.09 He+ no U
2014-10-27 17:37 2014-10-27 18:29 A 0.21 0.32 He+ no U
2014-10-27 21:51 2014-10-27 22:01 B 0.29 0.61 He+ no U
2014-10-28 01:30 2014-10-28 01:43 A 0.31 0.56 He+ yes U
2014-10-28 11:27 2014-10-28 11:38 A 0.22 0.33 He+ no U
2014-10-28 14:56 2014-10-28 15:10 B 0.14 0.53 O+ yes U
2014-10-28 16:07 2014-10-28 16:17 A 0.43 0.86 He+ no U
2014-10-29 16:12 2014-10-29 16:32 A 0.18 0.27 He+ no PP
2014-10-30 12:25 2014-10-30 12:59 B 1.08 1.72 H+ no U
2014-10-30 12:44 2014-10-30 13:20 A 0.65 0.91 He+ no U
2014-10-30 13:20 2014-10-30 13:56 A 0.59 0.81 O+ no U
2014-10-30 21:56 2014-10-30 22:42 B 0.40 0.57 He+ no PP
2014-11-04 02:55 2014-11-04 03:19 B 0.65 0.85 H+ yes U
2014-11-04 05:50 2014-11-04 06:08 A 0.82 1.04 H+ no U
2014-11-04 07:02 2014-11-04 07:33 A 0.63 1.04 H+ no U
2014-11-04 07:45 2014-11-04 07:57 A 1.05 1.30 H+ no U
2014-11-04 08:48 2014-11-04 09:17 B 1.40 2.60 He+ no U
2014-11-04 09:20 2014-11-04 09:27 B 0.80 3.20 H+ no U
2014-11-04 12:54 2014-11-04 13:11 A 0.72 1.16 H+ no U
2014-11-04 12:58 2014-11-04 13:13 A 0.38 0.74 He+ no U
2014-11-04 12:59 2014-11-04 13:07 B 0.33 0.92 H+ no U
2014-11-04 15:26 2014-11-04 15:42 B 0.60 2.80 He+ yes U
2014-11-04 18:25 2014-11-04 18:56 B 0.31 0.99 He+ yes U
2014-11-04 19:12 2014-11-04 19:29 B 0.14 0.40 He+ no U
2014-11-04 20:52 2014-11-04 21:13 A 0.23 1.09 O+ no U
2014-11-04 21:06 2014-11-04 21:14 B 0.80 1.70 H+ no U
2014-11-04 21:33 2014-11-04 22:06 A 0.50 1.40 He+ yes U
2014-11-04 22:07 2014-11-04 22:14 A 1.14 1.38 H+ no U
2014-11-04 22:15 2014-11-04 22:19 B 0.62 0.88 H+ no U
2014-11-05 15:49 2014-11-05 16:11 A 0.82 1.27 He+ no U
2014-11-05 18:38 2014-11-05 18:59 A 0.26 0.36 He+ no U
2014-11-07 10:47 2014-11-07 11:43 B 0.18 0.32 He+ no U
2014-11-07 13:53 2014-11-07 14:02 B 0.46 0.53 He+ no U
2014-11-08 09:49 2014-11-08 11:04 A 0.28 0.52 He+ no U
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2014-11-09 16:52 2014-11-09 17:01 B 0.79 0.92 H+ no U
2014-11-09 19:45 2014-11-09 19:57 A 0.16 0.40 He+ no U
2014-11-09 20:37 2014-11-09 20:50 B 0.47 0.60 He+ no U
2014-11-10 00:05 2014-11-10 00:30 A 1.10 2.00 He+ no U
2014-11-10 02:50 2014-11-10 05:02 B 0.20 0.90 H+ yes U
2014-11-10 04:00 2014-11-10 07:45 A 0.38 1.40 H+ yes U
2014-11-10 08:10 2014-11-10 08:19 A 1.02 1.28 H+ no U
2014-11-10 11:55 2014-11-10 12:21 A 2.00 5.00 H+ no U
2014-11-10 15:41 2014-11-10 16:00 B 0.58 1.30 He+ no U
2014-11-10 17:24 2014-11-10 17:38 A 0.42 0.62 He+ no U
2014-11-10 17:26 2014-11-10 17:40 A 0.24 0.45 He+ no U
2014-11-10 18:38 2014-11-10 18:47 B 0.40 1.80 He+ no U
2014-11-10 19:11 2014-11-10 19:24 B 0.52 0.88 He+ no U
2014-11-10 19:34 2014-11-10 19:44 B 0.53 0.81 H+ no U
2014-11-10 21:55 2014-11-10 22:06 A 0.39 0.55 He+ no U
2014-11-10 22:02 2014-11-10 22:12 A 0.14 0.22 O+ no U
2014-11-11 09:56 2014-11-11 10:22 B 1.57 1.88 He+ no U
2014-11-11 10:07 2014-11-11 10:20 B 0.31 0.60 O+ no U
2014-11-11 13:00 2014-11-11 13:07 A 2.60 4.20 He+ no U
2014-11-11 23:26 2014-11-11 23:48 A 1.80 3.70 He+ no U
2014-11-12 00:17 2014-11-12 01:52 A 0.15 1.00 He+ no U
2014-11-12 02:23 2014-11-12 03:06 B 0.15 0.35 He+ yes U
2014-11-12 04:12 2014-11-12 05:01 A 0.11 0.37 He+ yes U
2014-11-12 08:50 2014-11-12 09:22 B 0.14 0.23 He+ no U
2014-11-12 09:02 2014-11-12 11:16 B 0.23 0.42 He+ yes U
2014-11-12 09:45 2014-11-12 13:45 A 0.29 0.78 He+ yes U
2014-11-13 08:51 2014-11-13 09:23 A 0.49 0.68 He+ no U
2014-11-13 09:23 2014-11-13 09:53 A 0.39 0.54 O+ no PP
2014-11-15 07:53 2014-11-15 08:05 B 0.18 0.37 He+ no U
2014-11-15 17:02 2014-11-15 17:10 B 0.14 0.32 O+ no U
2014-11-15 17:16 2014-11-15 18:18 B 0.19 0.37 He+ no U
2014-11-15 21:38 2014-11-15 21:53 B 0.68 0.89 He+ no U
2014-11-15 21:48 2014-11-15 22:02 B 0.56 0.77 He+ no U
2014-11-16 01:58 2014-11-16 02:13 B 0.15 0.59 He+ no U
2014-11-16 07:47 2014-11-16 07:53 B 1.80 3.20 He+ no U
2014-11-16 08:36 2014-11-16 08:58 A 0.43 0.81 He+ no U
2014-11-16 09:28 2014-11-16 09:50 A 1.60 4.20 He+ yes U
2014-11-16 10:35 2014-11-16 11:11 B 0.41 0.85 He+ yes U
2014-11-16 11:17 2014-11-16 11:55 B 0.18 0.38 He+ no U
2014-11-16 12:22 2014-11-16 12:37 A 0.73 1.03 He+ yes U
2014-11-16 13:08 2014-11-16 13:28 A 0.38 0.56 He+ no U
2014-11-16 14:24 2014-11-16 14:40 A 0.13 0.27 He+ no PP
2014-11-16 15:13 2014-11-16 15:29 B 0.58 0.69 He+ no U
2014-11-16 19:38 2014-11-16 20:20 B 0.17 0.57 He+ no U
2014-11-16 21:55 2014-11-16 22:05 B 0.15 0.30 He+ no U
2014-11-16 22:08 2014-11-16 22:59 A 0.15 0.41 He+ no U
2014-11-17 15:57 2014-11-17 16:17 A 0.22 0.48 He+ yes U
2014-11-17 15:57 2014-11-17 16:25 B 0.13 0.28 He+ yes U
2014-11-18 00:21 2014-11-18 00:59 B 0.14 0.42 He+ yes U
2014-11-18 00:24 2014-11-18 01:09 A 0.23 0.73 He+ yes U
2014-11-18 11:17 2014-11-18 11:50 A 0.14 0.25 He+ no U
2014-11-18 11:26 2014-11-18 11:47 A 0.06 0.15 O+ no U
2014-11-18 11:42 2014-11-18 12:03 B 0.20 0.36 He+ no PP
2014-11-18 11:47 2014-11-18 12:17 B 0.35 0.56 H+ no U
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2014-11-18 13:12 2014-11-18 13:23 A 0.36 0.57 He+ yes U
2014-11-18 14:32 2014-11-18 14:53 A 0.96 1.40 He+ no U
2014-11-18 16:36 2014-11-18 17:05 B 0.28 0.91 He+ yes U
2014-11-18 18:13 2014-11-18 18:30 A 0.32 0.62 He+ yes U
2014-11-18 18:45 2014-11-18 19:00 B 0.05 0.09 O+ no U
2014-11-19 06:08 2014-11-19 06:17 B 0.45 0.56 He+ no U
2014-11-20 07:16 2014-11-20 08:07 A 0.12 0.28 He+ no U
2014-11-20 07:29 2014-11-20 08:27 B 0.12 0.24 He+ no U
2014-11-20 09:52 2014-11-20 10:09 A 0.32 0.47 He+ no U
2014-11-20 09:57 2014-11-20 10:18 B 0.83 1.16 He+ no U
2014-11-20 14:31 2014-11-20 15:14 B 0.20 0.38 He+ no U
2014-11-20 14:32 2014-11-20 15:00 B 0.10 0.19 O+ no U
2014-11-20 19:30 2014-11-20 19:41 A 0.07 0.14 O+ no U
2014-11-20 19:31 2014-11-20 19:43 A 0.15 0.28 O+ no U
2014-11-21 00:16 2014-11-21 00:27 B 0.12 0.37 He+ no U
2014-11-21 09:40 2014-11-21 10:04 A 0.17 0.36 He+ no PP
2014-11-21 18:09 2014-11-21 18:42 A 0.22 0.84 He+ no U
2014-11-21 18:30 2014-11-21 18:41 A 0.12 0.23 O+ no U
2014-11-22 01:52 2014-11-22 02:02 B 0.39 0.46 He+ no U
2014-11-22 20:12 2014-11-22 20:20 A 0.50 1.30 He+ no U
2014-11-23 13:54 2014-11-23 14:11 B 0.75 1.07 He+ no U
2014-11-23 15:17 2014-11-23 15:32 B 0.10 0.15 O+ yes U
2014-11-23 15:27 2014-11-23 15:47 A 0.11 0.24 O+ yes U
2014-11-23 15:45 2014-11-23 16:12 B 0.14 0.23 He+ yes U
2014-11-23 16:11 2014-11-23 16:22 A 0.16 0.29 He+ yes U
2014-11-26 08:56 2014-11-26 09:24 A 0.17 0.26 He+ no U
2014-11-27 00:36 2014-11-27 01:10 B 0.26 0.42 He+ no U
2014-11-29 01:21 2014-11-29 01:44 B 0.58 0.84 He+ yes U
2014-11-29 01:23 2014-11-29 02:05 A 0.56 0.90 He+ yes PP
2014-11-29 10:10 2014-11-29 10:22 B 0.54 0.87 He+ yes U
2014-11-29 10:12 2014-11-29 10:21 A 0.49 0.76 He+ yes U
2014-11-30 09:01 2014-11-30 09:15 A 0.62 0.71 He+ no U
2014-11-30 16:40 2014-11-30 17:08 A 0.12 0.66 O+ yes U
2014-11-30 16:41 2014-11-30 17:09 B 0.12 0.58 O+ yes U
2014-11-30 16:53 2014-11-30 17:23 B 0.80 1.80 He+ no U
2014-11-30 16:55 2014-11-30 17:27 A 0.80 1.70 He+ yes U
2014-11-30 17:06 2014-11-30 18:01 A 0.43 0.88 He+ yes U
2014-11-30 17:11 2014-11-30 18:12 B 0.38 0.91 He+ yes U
2014-11-30 17:18 2014-11-30 18:03 A 1.01 2.10 H+ yes U
2014-11-30 17:21 2014-11-30 18:10 B 0.90 2.10 H+ yes U
2014-12-01 03:33 2014-12-01 03:45 A 0.14 0.36 He+ yes U
2014-12-01 03:34 2014-12-01 03:47 B 0.13 0.29 He+ yes U
2014-12-01 03:50 2014-12-01 04:15 B 0.14 0.43 He+ yes U
2014-12-01 03:53 2014-12-01 04:09 A 0.13 0.47 He+ yes U
2014-12-02 05:48 2014-12-02 06:10 A 0.16 0.38 He+ yes U
2014-12-02 05:55 2014-12-02 06:14 B 0.19 0.44 He+ yes U
2014-12-02 06:11 2014-12-02 06:55 A 0.16 0.42 He+ no U
2014-12-02 10:46 2014-12-02 10:53 A 1.06 1.26 He+ no U
2014-12-03 00:41 2014-12-03 01:08 A 0.11 0.29 He+ yes U
2014-12-03 00:47 2014-12-03 01:12 B 0.12 0.30 He+ yes U
2014-12-04 14:11 2014-12-04 14:25 B 0.15 0.25 He+ no U
2014-12-04 20:56 2014-12-04 21:08 A 0.27 0.34 He+ no U
2014-12-06 09:34 2014-12-06 09:39 A 0.67 0.88 H+ no U
2014-12-06 10:52 2014-12-06 11:39 A 0.49 1.19 H+ yes U
Continued on next page
213
Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2014-12-06 11:02 2014-12-06 11:13 B 0.59 0.81 H+ no U
2014-12-06 11:11 2014-12-06 11:17 B 0.36 0.48 H+ no U
2014-12-06 11:33 2014-12-06 11:45 B 0.57 0.81 H+ yes U
2014-12-06 11:58 2014-12-06 13:07 B 0.60 1.70 H+ no U
2014-12-06 17:55 2014-12-06 18:12 A 0.32 0.59 He+ no U
2014-12-06 18:06 2014-12-06 18:16 A 0.16 0.25 He+ no PP
2014-12-06 18:10 2014-12-06 18:22 A 0.21 0.44 He+ yes U
2014-12-06 18:20 2014-12-06 18:28 A 0.14 0.27 He+ no U
2014-12-06 18:37 2014-12-06 18:51 B 0.21 0.53 He+ yes U
2014-12-06 18:48 2014-12-06 19:03 B 0.15 0.44 He+ no U
2014-12-07 04:09 2014-12-07 04:22 B 0.13 0.27 He+ no U
2014-12-07 07:39 2014-12-07 07:43 A 0.30 0.69 He+ no U
2014-12-07 19:47 2014-12-07 19:52 A 0.44 0.78 He+ yes U
2014-12-07 20:42 2014-12-07 20:49 B 0.40 1.30 He+ yes U
2014-12-07 21:07 2014-12-07 21:25 B 0.23 0.72 He+ no U
2014-12-08 02:04 2014-12-08 02:07 A 1.18 1.35 He+ no U
2014-12-08 02:05 2014-12-08 02:12 A 0.80 1.19 O+ yes U
2014-12-08 03:12 2014-12-08 03:19 B 0.71 1.21 O+ yes U
2014-12-08 03:12 2014-12-08 03:23 B 1.30 3.50 He+ no U
2014-12-08 15:03 2014-12-08 15:08 B 0.87 1.03 He+ no U
2014-12-08 15:41 2014-12-08 15:53 B 0.40 0.66 He+ no U
2014-12-10 06:22 2014-12-10 06:28 A 0.48 0.58 He+ yes U
2014-12-10 08:03 2014-12-10 08:15 B 0.57 0.72 He+ yes U
2014-12-10 18:47 2014-12-10 18:57 A 0.60 2.80 He+ no U
2014-12-10 20:34 2014-12-10 21:10 B 0.20 1.50 O+ no U
2014-12-11 09:51 2014-12-11 10:18 A 0.40 0.53 He+ no U
2014-12-11 10:39 2014-12-11 11:01 A 0.38 0.49 O+ yes U
2014-12-11 11:51 2014-12-11 12:27 B 0.42 0.52 O+ yes U
2014-12-11 23:30 2014-12-11 23:36 A 0.88 1.34 H+ no U
2014-12-12 00:15 2014-12-12 00:51 B 0.90 2.10 H+ no U
2014-12-12 00:19 2014-12-12 00:38 A 0.60 1.23 H+ no U
2014-12-12 07:57 2014-12-12 08:09 A 0.49 0.64 He+ yes U
2014-12-12 08:57 2014-12-12 09:09 B 0.90 1.70 He+ yes U
2014-12-12 09:11 2014-12-12 09:19 B 1.30 1.90 H+ no U
2014-12-12 13:07 2014-12-12 13:35 A 0.90 2.00 He+ no U
2014-12-12 16:43 2014-12-12 16:55 A 0.56 0.86 He+ no U
2014-12-13 03:46 2014-12-13 03:59 A 0.15 0.24 He+ no U
2014-12-13 13:33 2014-12-13 13:58 B 0.29 0.59 He+ no U
2014-12-13 14:31 2014-12-13 14:50 A 0.18 0.31 He+ no U
2014-12-13 14:52 2014-12-13 15:41 A 0.33 0.70 He+ no U
2014-12-14 08:42 2014-12-14 09:21 B 0.13 0.33 He+ no U
2014-12-14 14:08 2014-12-14 14:16 A 0.20 0.37 He+ yes U
2014-12-14 16:11 2014-12-14 16:21 B 0.21 0.37 He+ yes U
2014-12-15 01:35 2014-12-15 01:57 B 0.18 0.33 H+ no U
2014-12-15 01:36 2014-12-15 02:21 A 0.12 0.28 He+ no PP
2014-12-15 02:44 2014-12-15 03:26 A 0.21 0.36 He+ no U
2014-12-15 03:52 2014-12-15 04:34 B 0.14 0.25 He+ no U
2014-12-15 04:03 2014-12-15 04:36 A 0.41 0.76 H+ no U
2014-12-15 04:05 2014-12-15 04:57 B 0.25 0.44 He+ no PP
2014-12-15 08:36 2014-12-15 08:49 B 0.14 0.49 O+ no U
2014-12-15 09:15 2014-12-15 09:27 B 1.60 2.80 H+ no U
2014-12-19 05:41 2014-12-19 05:54 B 0.28 0.35 He+ no U
2014-12-19 06:17 2014-12-19 06:45 B 0.12 0.35 He+ no U
2014-12-20 08:27 2014-12-20 08:33 B 0.17 0.36 He+ no U
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2014-12-20 08:53 2014-12-20 09:13 B 0.14 0.30 He+ no U
2014-12-20 09:18 2014-12-20 09:36 B 0.14 0.30 He+ no U
2014-12-20 13:44 2014-12-20 13:50 A 0.40 0.63 He+ no U
2014-12-20 13:56 2014-12-20 14:03 A 0.14 0.39 He+ no U
2014-12-20 16:56 2014-12-20 17:02 B 0.07 0.15 O+ no U
2014-12-21 08:03 2014-12-21 08:53 A 0.16 0.38 He+ no U
2014-12-21 11:38 2014-12-21 11:53 B 0.12 0.20 He+ no U
2014-12-21 16:19 2014-12-21 16:23 A 0.56 0.66 He+ no U
2014-12-21 19:03 2014-12-21 19:12 B 0.33 0.54 He+ no U
2014-12-22 03:15 2014-12-22 03:30 B 2.30 6.70 H+ no U
2014-12-22 06:33 2014-12-22 06:56 A 0.90 1.90 He+ no U
2014-12-22 06:34 2014-12-22 07:08 A 0.40 1.50 He+ yes U
2014-12-22 09:42 2014-12-22 09:54 B 0.50 1.50 He+ yes U
2014-12-22 18:27 2014-12-22 18:57 B 0.50 1.50 He+ no U
2014-12-22 20:40 2014-12-22 21:04 A 0.21 0.39 He+ no U
2014-12-22 20:55 2014-12-22 21:44 B 0.50 5.40 He+ no U
2014-12-22 22:24 2014-12-22 22:34 A 0.15 0.48 He+ no U
2014-12-25 06:26 2014-12-25 08:21 B 0.14 0.27 He+ no PP
2014-12-25 06:31 2014-12-25 08:20 B 0.26 0.37 He+ no U
2014-12-29 03:16 2014-12-29 03:23 B 0.13 0.22 O+ no U
2014-12-29 03:16 2014-12-29 03:28 B 0.27 0.41 He+ no U
2014-12-29 05:38 2014-12-29 06:59 A 0.61 0.99 H+ no U
2014-12-29 09:02 2014-12-29 09:27 B 0.16 0.24 He+ no U
2014-12-30 09:37 2014-12-30 09:41 B 0.70 2.90 He+ yes U
2014-12-30 14:31 2014-12-30 14:40 A 1.50 4.40 He+ yes U
2015-01-02 07:37 2015-01-02 07:49 B 0.73 1.01 He+ no U
2015-01-02 07:52 2015-01-02 08:08 B 0.76 0.99 O+ no U
2015-01-02 08:02 2015-01-02 08:17 A 0.17 0.27 He+ no U
2015-01-03 00:14 2015-01-03 00:17 A 1.60 2.70 H+ no U
2015-01-03 09:41 2015-01-03 10:15 A 0.40 0.65 He+ no U
2015-01-03 14:37 2015-01-03 14:42 A 0.74 0.85 He+ no U
2015-01-03 23:12 2015-01-03 23:36 B 0.12 0.29 O+ no U
2015-01-04 09:10 2015-01-04 09:30 A 0.40 3.00 He+ no U
2015-01-04 11:44 2015-01-04 11:58 A 0.61 1.11 He+ no U
2015-01-04 18:40 2015-01-04 18:44 A 2.00 4.50 He+ no U
2015-01-04 20:39 2015-01-04 20:49 A 0.40 1.10 He+ no U
2015-01-05 01:17 2015-01-05 01:35 B 1.30 4.50 H+ no U
2015-01-05 06:05 2015-01-05 06:34 B 0.15 0.34 He+ no U
2015-01-05 06:41 2015-01-05 07:00 B 0.42 0.60 He+ no U
2015-01-05 06:47 2015-01-05 06:54 A 0.37 0.50 He+ no U
2015-01-05 06:55 2015-01-05 07:02 A 0.11 0.22 O+ no U
2015-01-05 16:02 2015-01-05 16:14 B 0.26 0.34 O+ no U
2015-01-05 16:07 2015-01-05 16:14 B 0.40 0.51 He+ no U
2015-01-05 16:08 2015-01-05 16:23 B 0.73 0.94 O+ no U
2015-01-06 04:45 2015-01-06 05:00 B 0.91 1.24 He+ no U
2015-01-06 14:37 2015-01-06 14:51 A 0.93 1.21 He+ no PP
2015-01-06 14:37 2015-01-06 14:55 A 1.90 2.60 H+ no U
2015-01-07 03:23 2015-01-07 03:32 B 0.20 0.31 He+ no U
2015-01-07 08:36 2015-01-07 08:43 B 1.25 1.56 H+ no U
2015-01-07 11:00 2015-01-07 11:06 A 1.50 3.30 He+ no U
2015-01-07 11:02 2015-01-07 11:14 A 4.00 18.00 H+ no U
2015-01-07 16:16 2015-01-07 16:20 B 5.00 9.50 H+ no U
2015-01-07 20:35 2015-01-07 20:47 A 2.23 3.87 H+ no U
2015-01-08 12:05 2015-01-08 12:32 A 1.40 3.50 He+ no U
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2015-01-08 19:10 2015-01-08 19:23 B 0.32 3.02 O+ no U
2015-01-09 01:49 2015-01-09 02:13 B 0.95 1.25 He+ no U
2015-01-09 05:22 2015-01-09 06:17 A 0.84 1.31 He+ yes U
2015-01-09 05:53 2015-01-09 06:08 A 1.70 2.10 He+ no U
2015-01-09 14:10 2015-01-09 14:15 A 0.64 0.79 He+ no U
2015-01-09 18:33 2015-01-09 19:06 B 0.04 0.14 O+ no U
2015-01-09 19:58 2015-01-09 20:12 B 0.60 1.50 He+ no U
2015-01-09 23:44 2015-01-09 23:47 A 1.61 1.85 He+ no U
2015-01-10 04:24 2015-01-10 05:15 B 0.50 1.40 He+ no PP
2015-01-10 07:44 2015-01-10 07:51 A 0.64 0.77 He+ no U
2015-01-10 08:07 2015-01-10 08:26 A 0.42 0.67 He+ no U
2015-01-10 08:39 2015-01-10 09:16 A 0.40 0.57 O+ no U
2015-01-10 14:02 2015-01-10 14:12 B 1.10 1.47 He+ no U
2015-01-10 17:45 2015-01-10 18:10 A 1.40 2.20 He+ no U
2015-01-11 03:22 2015-01-11 03:31 B 0.31 0.54 He+ no PP
2015-01-11 06:53 2015-01-11 07:14 B 0.20 0.41 He+ no U
2015-01-11 07:02 2015-01-11 07:35 B 0.45 0.74 He+ no U
2015-01-11 08:11 2015-01-11 08:31 A 0.11 0.26 He+ no PP
2015-01-12 18:24 2015-01-12 18:38 A 0.20 0.31 He+ no U
2015-01-15 08:01 2015-01-15 08:31 B 0.50 1.10 H+ no U
2015-01-15 10:03 2015-01-15 10:18 A 0.32 0.44 He+ no U
2015-01-16 04:05 2015-01-16 05:15 A 0.11 0.40 He+ no PP
2015-01-16 05:24 2015-01-16 05:52 A 0.17 0.37 He+ no PP
2015-01-20 08:39 2015-01-20 09:48 A 0.16 0.50 He+ no U
2015-01-20 15:59 2015-01-20 17:00 A 0.11 0.22 O+ no U
2015-01-20 16:20 2015-01-20 17:22 B 0.12 0.28 O+ no U
2015-01-20 22:52 2015-01-21 01:07 A 0.59 0.89 H+ no U
2015-01-21 10:14 2015-01-21 10:53 A 0.63 1.12 H+ no U
2015-01-21 15:06 2015-01-21 15:16 B 0.36 1.07 He+ yes U
2015-01-21 17:02 2015-01-21 17:12 A 0.40 1.30 He+ yes U
2015-01-22 16:53 2015-01-22 17:27 A 0.53 1.00 O+ no U
2015-01-25 03:57 2015-01-25 04:39 A 0.20 0.43 He+ no PP
2015-01-27 06:43 2015-01-27 07:17 B 0.24 0.89 He+ yes U
2015-01-27 06:46 2015-01-27 07:14 A 0.18 0.58 O+ yes U
2015-01-27 15:54 2015-01-27 16:07 B 0.26 0.59 He+ no U
2015-01-27 16:57 2015-01-27 17:06 A 0.40 0.90 He+ no U
2015-01-28 04:10 2015-01-28 04:24 A 0.19 0.34 He+ no U
2015-01-28 05:14 2015-01-28 05:23 B 0.42 0.58 He+ yes PP
2015-01-28 06:18 2015-01-28 06:40 A 0.20 0.48 He+ yes PP
2015-01-28 06:34 2015-01-28 06:42 A 0.51 0.70 He+ no PP
2015-01-28 07:28 2015-01-28 07:32 A 1.38 1.61 He+ no U
2015-01-29 23:14 2015-01-29 23:22 A 1.07 1.49 H+ no U
2015-01-30 22:05 2015-01-30 22:22 B 0.11 0.28 O+ no U
2015-01-31 02:17 2015-01-31 02:29 B 0.26 0.42 He+ no U
2015-01-31 02:59 2015-01-31 03:09 B 0.47 0.56 H+ no U
2015-02-01 13:20 2015-02-01 13:29 B 0.18 0.59 He+ yes U
2015-02-01 13:45 2015-02-01 13:53 A 0.24 0.73 He+ yes U
2015-02-01 17:56 2015-02-01 18:20 A 0.62 1.08 He+ no U
2015-02-01 21:17 2015-02-01 21:40 A 1.80 4.50 He+ yes U
2015-02-01 21:17 2015-02-01 21:40 B 2.10 4.90 H+ yes U
2015-02-02 03:58 2015-02-02 04:47 A 0.40 3.00 He+ yes U
2015-02-02 07:33 2015-02-02 07:45 A 0.57 0.81 He+ no U
2015-02-03 07:15 2015-02-03 07:26 B 0.70 2.60 He+ yes U
2015-02-03 07:31 2015-02-03 07:39 A 0.70 2.60 He+ yes U
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2015-02-03 14:42 2015-02-03 15:06 A 0.15 0.34 O+ yes U
2015-02-03 14:46 2015-02-03 15:17 B 0.16 0.47 O+ yes U
2015-02-03 19:08 2015-02-03 19:37 B 0.12 0.37 O+ no U
2015-02-05 15:57 2015-02-05 16:09 A 0.30 1.30 He+ yes U
2015-02-05 16:02 2015-02-05 16:11 B 0.39 0.77 He+ yes U
2015-02-07 07:19 2015-02-07 07:41 B 0.34 0.88 H+ yes U
2015-02-07 07:20 2015-02-07 07:43 A 0.38 1.09 H+ yes U
2015-02-07 09:35 2015-02-07 09:41 A 2.40 2.76 H+ yes U
2015-02-15 03:57 2015-02-15 04:36 A 0.50 1.19 H+ no U
2015-02-15 04:02 2015-02-15 04:10 B 0.28 0.44 He+ no U
2015-02-15 04:11 2015-02-15 05:30 B 0.17 0.43 He+ no U
2015-02-15 04:15 2015-02-15 05:14 B 0.44 1.40 H+ no U
2015-02-15 22:01 2015-02-15 22:23 B 0.13 0.49 He+ no U
2015-02-15 22:29 2015-02-15 22:37 B 0.47 0.70 H+ no U
2015-02-16 06:16 2015-02-16 06:50 A 0.15 0.42 He+ no U
2015-02-16 06:22 2015-02-16 06:44 A 0.42 0.77 H+ yes U
2015-02-16 06:43 2015-02-16 07:07 B 0.41 0.94 H+ yes U
2015-02-16 06:55 2015-02-16 07:23 A 0.23 0.49 He+ no U
2015-02-16 07:22 2015-02-16 07:42 A 0.36 0.56 He+ no PP
2015-02-16 21:49 2015-02-16 22:13 A 0.20 0.80 He+ yes U
2015-02-16 22:37 2015-02-16 23:18 B 2.10 2.70 H+ no U
2015-02-16 23:35 2015-02-16 23:46 B 0.22 0.73 He+ yes U
2015-02-17 06:41 2015-02-17 06:59 A 0.27 0.93 He+ no U
2015-02-17 06:58 2015-02-17 07:24 B 0.20 0.80 O+ no U
2015-02-17 17:00 2015-02-17 17:14 B 0.30 1.20 He+ no U
2015-02-17 23:15 2015-02-17 23:21 B 0.90 1.70 He+ no U
2015-02-17 23:32 2015-02-17 23:50 A 2.70 6.10 H+ no U
2015-02-17 23:42 2015-02-18 00:03 A 0.90 2.40 He+ no U
2015-02-17 23:50 2015-02-18 00:03 A 1.90 3.70 H+ no U
2015-02-18 20:24 2015-02-18 20:44 B 0.23 0.75 He+ no U
2015-02-19 02:18 2015-02-19 02:40 A 0.39 0.61 O+ no U
2015-02-19 08:32 2015-02-19 08:48 A 0.79 1.07 He+ no U
2015-02-20 07:31 2015-02-20 07:48 A 0.55 0.94 H+ no U
2015-02-20 17:02 2015-02-20 17:56 A 0.13 0.28 He+ no U
2015-02-20 17:06 2015-02-20 17:51 B 1.50 2.40 H+ no U
2015-02-21 00:38 2015-02-21 00:49 A 0.79 1.32 H+ yes U
2015-02-21 00:39 2015-02-21 00:50 A 0.46 0.67 He+ yes U
2015-02-21 00:51 2015-02-21 01:06 A 0.21 0.49 He+ no U
2015-02-21 02:51 2015-02-21 03:04 B 0.60 1.70 H+ yes U
2015-02-21 02:54 2015-02-21 03:05 B 0.21 0.61 He+ yes U
2015-02-21 19:17 2015-02-21 19:58 A 0.70 1.30 H+ no U
2015-02-21 19:24 2015-02-21 19:35 A 0.40 0.69 He+ no U
2015-02-21 23:09 2015-02-21 23:22 B 0.41 0.64 H+ no U
2015-02-21 23:21 2015-02-21 23:43 B 0.13 0.44 He+ no U
2015-02-22 15:55 2015-02-22 16:29 B 0.04 0.35 O+ no U
2015-02-23 00:00 2015-02-23 00:28 A 0.11 0.32 O+ yes U
2015-02-23 00:18 2015-02-23 00:47 B 0.41 0.83 H+ no U
2015-02-23 00:18 2015-02-23 00:46 B 0.14 0.47 He+ no U
2015-02-23 17:11 2015-02-23 17:20 B 0.43 1.05 He+ no U
2015-02-23 22:59 2015-02-23 23:08 B 1.20 2.80 H+ no U
2015-02-23 23:24 2015-02-23 23:40 A 1.60 3.00 H+ no U
2015-02-23 23:58 2015-02-24 00:07 A 1.00 2.00 H+ yes U
2015-02-24 00:00 2015-02-24 00:11 A 0.31 1.00 He+ yes U
2015-02-24 02:28 2015-02-24 02:54 B 0.20 1.10 He+ yes U
Continued on next page
217
Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2015-02-24 02:29 2015-02-24 02:36 B 1.10 2.50 H+ yes U
2015-02-24 16:50 2015-02-24 17:01 A 1.75 3.27 He+ no U
2015-02-24 19:41 2015-02-24 19:53 B 0.20 2.10 O+ no U
2015-02-24 20:53 2015-02-24 21:07 A 0.17 0.58 He+ no U
2015-02-27 08:46 2015-02-27 09:18 A 1.50 2.20 H+ no PP
2015-02-27 14:14 2015-02-27 14:29 B 0.23 0.61 He+ no U
2015-02-27 20:18 2015-02-27 20:47 A 0.15 0.34 He+ no U
2015-02-27 20:35 2015-02-27 20:48 A 0.27 0.56 He+ no U
2015-02-27 20:39 2015-02-27 20:47 A 0.55 0.79 H+ no U
2015-02-27 21:24 2015-02-27 22:21 B 0.62 1.09 H+ no U
2015-02-28 05:26 2015-02-28 05:49 A 0.32 0.70 H+ no U
2015-02-28 20:27 2015-02-28 20:42 A 0.40 1.18 He+ no U
2015-02-28 20:30 2015-02-28 20:43 A 1.10 2.30 H+ no U
2015-02-28 20:40 2015-02-28 21:07 A 0.12 0.81 He+ yes U
2015-02-28 21:13 2015-02-28 21:22 A 0.26 0.57 He+ no U
2015-03-01 00:08 2015-03-01 00:21 B 0.21 0.63 He+ yes U
2015-03-01 05:13 2015-03-01 05:25 A 0.60 1.90 He+ no U
2015-03-01 06:02 2015-03-01 06:08 B 0.90 2.30 He+ yes U
2015-03-01 17:06 2015-03-01 17:14 B 0.40 2.10 He+ no U
2015-03-01 18:21 2015-03-01 19:20 B 0.15 0.42 He+ no U
2015-03-01 19:43 2015-03-01 20:05 A 0.13 0.24 O+ no U
2015-03-02 00:05 2015-03-02 00:11 B 1.05 1.76 He+ yes U
2015-03-02 02:34 2015-03-02 02:47 A 0.30 1.20 He+ no U
2015-03-02 05:29 2015-03-02 05:33 A 1.41 1.71 He+ yes U
2015-03-02 08:47 2015-03-02 09:06 B 1.20 2.70 He+ no U
2015-03-02 09:20 2015-03-02 09:27 B 0.80 4.00 He+ no U
2015-03-02 14:11 2015-03-02 14:26 A 0.16 0.55 O+ no U
2015-03-02 16:45 2015-03-02 16:49 A 1.20 2.00 He+ no U
2015-03-02 20:31 2015-03-02 20:48 B 0.30 1.20 He+ no U
2015-03-02 21:47 2015-03-02 22:57 A 0.20 0.50 He+ yes U
2015-03-03 01:51 2015-03-03 02:28 A 0.20 1.30 He+ no U
2015-03-03 02:15 2015-03-03 02:53 B 0.37 0.91 He+ yes U
2015-03-04 08:52 2015-03-04 09:13 B 0.54 0.70 He+ no U
2015-03-04 22:01 2015-03-04 22:16 B 0.59 1.13 He+ no U
2015-03-06 04:52 2015-03-06 05:17 A 0.14 0.35 He+ no U
2015-03-06 05:10 2015-03-06 05:14 A 0.32 0.66 H+ no U
2015-03-06 21:19 2015-03-06 21:41 A 0.16 0.52 He+ no U
2015-03-07 05:27 2015-03-07 05:43 B 0.48 0.74 He+ yes U
2015-03-07 10:17 2015-03-07 10:39 A 0.61 0.86 He+ yes U
2015-03-11 08:48 2015-03-11 09:26 A 0.20 0.80 He+ yes U
2015-03-11 09:03 2015-03-11 09:13 A 0.70 1.40 H+ no U
2015-03-11 12:54 2015-03-11 13:11 B 0.12 0.26 O+ no U
2015-03-11 13:07 2015-03-11 13:21 B 0.12 0.55 He+ yes U
2015-03-13 18:06 2015-03-13 18:39 A 0.12 0.54 He+ no U
2015-03-13 20:52 2015-03-13 21:24 B 0.03 0.25 O+ no U
2015-03-13 21:25 2015-03-13 22:55 B 0.12 0.43 He+ yes U
2015-03-14 00:41 2015-03-14 00:52 A 0.95 1.25 H+ yes U
2015-03-14 04:55 2015-03-14 05:13 B 0.60 1.50 H+ yes U
2015-03-14 14:11 2015-03-14 15:41 B 0.12 0.72 He+ no U
2015-03-14 18:11 2015-03-14 18:27 A 0.70 0.92 H+ no U
2015-03-14 23:40 2015-03-14 23:49 B 0.40 1.20 H+ no U
2015-03-14 23:49 2015-03-15 00:01 B 0.15 0.35 He+ no U
2015-03-15 06:13 2015-03-15 06:19 A 0.70 1.40 H+ no U
2015-03-15 06:56 2015-03-15 07:32 B 0.20 1.40 He+ no U
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2015-03-15 11:22 2015-03-15 11:44 A 0.13 0.73 He+ yes U
2015-03-16 05:22 2015-03-16 05:44 A 0.85 1.44 H+ no U
2015-03-16 05:42 2015-03-16 05:52 A 0.21 0.57 He+ no U
2015-03-16 05:52 2015-03-16 06:50 B 0.82 3.25 He+ no U
2015-03-17 10:29 2015-03-17 10:40 B 9.70 14.00 H+ yes U
2015-03-17 13:57 2015-03-17 14:01 A 5.00 7.80 H+ yes U
2015-03-17 14:00 2015-03-17 14:05 A 1.60 7.10 He+ yes U
2015-03-17 15:28 2015-03-17 15:42 A 3.96 5.49 He+ no U
2015-03-17 15:42 2015-03-17 15:46 A 3.93 7.45 H+ yes U
2015-03-17 15:46 2015-03-17 15:50 A 1.20 2.30 He+ no U
2015-03-17 19:40 2015-03-17 19:42 B 2.20 8.40 He+ yes U
2015-03-17 19:42 2015-03-17 19:43 B 2.00 3.00 O+ no U
2015-03-17 21:12 2015-03-17 21:15 B 3.50 8.20 H+ yes U
2015-03-17 21:26 2015-03-17 21:34 B 0.30 2.10 He+ no U
2015-03-17 22:40 2015-03-17 22:54 A 0.64 1.43 He+ yes U
2015-03-17 23:04 2015-03-17 23:17 A 1.90 7.10 He+ yes U
2015-03-18 00:34 2015-03-18 00:39 A 1.60 6.40 He+ no U
2015-03-18 00:35 2015-03-18 00:40 A 5.80 12.30 H+ yes U
2015-03-18 01:25 2015-03-18 01:47 A 0.25 0.52 He+ no U
2015-03-18 04:02 2015-03-18 04:24 B 0.60 2.10 He+ no U
2015-03-18 04:33 2015-03-18 04:42 B 1.00 6.00 He+ no U
2015-03-18 04:42 2015-03-18 04:45 B 0.37 3.22 O+ no U
2015-03-18 04:45 2015-03-18 04:47 B 10.00 20.00 H+ no U
2015-03-18 06:42 2015-03-18 07:24 A 0.24 0.68 He+ no U
2015-03-18 09:26 2015-03-18 09:34 A 1.70 5.60 He+ no U
2015-03-18 12:37 2015-03-18 13:03 B 0.13 0.47 O+ no U
2015-03-18 13:06 2015-03-18 13:20 B 0.60 1.20 He+ no U
2015-03-18 18:32 2015-03-18 18:35 A 0.60 3.00 He+ no U
2015-03-18 19:47 2015-03-18 19:57 A 0.30 0.46 He+ no U
2015-03-18 22:22 2015-03-18 22:32 B 3.80 5.80 H+ no U
2015-03-18 22:44 2015-03-18 22:55 B 2.00 7.00 He+ no U
2015-03-19 00:00 2015-03-19 00:19 B 0.60 2.30 O+ yes U
2015-03-19 00:18 2015-03-19 00:32 B 0.60 2.50 He+ yes U
2015-03-19 01:37 2015-03-19 01:44 A 1.08 1.47 He+ yes U
2015-03-19 01:51 2015-03-19 02:14 A 1.10 4.50 He+ no U
2015-03-19 03:19 2015-03-19 03:41 A 0.70 1.45 O+ yes U
2015-03-19 03:40 2015-03-19 04:03 A 0.70 1.30 He+ yes U
2015-03-19 07:01 2015-03-19 07:11 B 1.26 1.45 He+ yes U
2015-03-19 09:42 2015-03-19 09:53 B 0.90 1.52 He+ no U
2015-03-19 18:21 2015-03-19 19:15 A 0.18 0.57 O+ no U
2015-03-19 18:28 2015-03-19 19:09 B 0.90 1.40 He+ no U
2015-03-19 19:27 2015-03-19 19:33 A 3.30 4.80 H+ no U
2015-03-20 01:28 2015-03-20 01:41 B 5.10 7.80 H+ yes U
2015-03-20 03:07 2015-03-20 03:39 B 0.50 1.16 O+ no U
2015-03-20 04:02 2015-03-20 04:25 B 0.60 1.50 He+ no U
2015-03-20 04:36 2015-03-20 04:57 A 4.10 8.70 H+ no U
2015-03-20 04:58 2015-03-20 05:13 A 3.90 8.00 He+ no U
2015-03-20 13:19 2015-03-20 13:52 A 1.20 2.40 He+ yes U
2015-03-20 19:13 2015-03-20 19:21 B 1.32 1.87 He+ no U
2015-03-20 19:19 2015-03-20 19:27 B 1.78 2.13 He+ no PP
2015-03-20 21:29 2015-03-20 21:38 B 5.40 8.40 H+ no U
2015-03-20 22:23 2015-03-20 22:52 A 1.60 2.50 He+ yes U
2015-03-21 00:57 2015-03-21 01:08 A 2.30 3.40 H+ no U
2015-03-21 13:01 2015-03-21 13:39 B 0.70 1.80 He+ yes U
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2015-03-21 13:38 2015-03-21 14:09 B 0.77 1.98 O+ no PP
2015-03-21 16:00 2015-03-21 16:11 A 1.05 1.42 He+ yes U
2015-03-21 16:22 2015-03-21 16:35 A 0.97 1.48 He+ yes U
2015-03-21 18:29 2015-03-21 18:38 A 1.65 2.39 He+ no U
2015-03-22 04:19 2015-03-22 04:33 B 0.51 0.80 H+ no U
2015-03-22 04:42 2015-03-22 04:52 B 0.38 0.71 H+ no U
2015-03-22 04:46 2015-03-22 04:54 B 0.18 0.34 He+ no U
2015-03-22 05:07 2015-03-22 05:19 A 0.80 1.40 H+ no PP
2015-03-22 07:42 2015-03-22 07:55 B 6.20 8.90 H+ yes U
2015-03-22 07:52 2015-03-22 07:58 B 5.24 6.46 He+ yes PP
2015-03-22 10:15 2015-03-22 10:37 A 1.60 2.40 He+ no U
2015-03-22 10:31 2015-03-22 10:38 A 4.70 6.60 H+ yes U
2015-03-22 10:41 2015-03-22 10:52 A 2.10 2.63 He+ no PP
2015-03-22 10:41 2015-03-22 11:04 A 4.20 5.90 He+ no PP
2015-03-22 21:30 2015-03-22 21:50 A 1.80 2.50 He+ no U
2015-03-23 00:45 2015-03-23 01:28 B 0.20 0.90 He+ no U
2015-03-23 01:35 2015-03-23 01:55 A 0.80 1.43 H+ no U
2015-03-23 08:08 2015-03-23 09:53 B 0.15 0.49 He+ yes U
2015-03-23 12:38 2015-03-23 12:59 A 0.53 0.97 He+ yes U
2015-03-23 12:54 2015-03-23 13:08 A 0.32 0.45 O+ no U
2015-03-23 20:01 2015-03-23 20:14 B 1.29 1.52 O+ no PP
2015-03-24 20:04 2015-03-24 21:11 B 0.16 0.30 He+ no U
2015-03-24 21:16 2015-03-24 21:41 A 0.15 0.23 He+ no U
2015-03-25 03:11 2015-03-25 03:23 A 1.60 2.30 He+ no PP
2015-03-25 03:28 2015-03-25 03:43 A 1.80 2.31 He+ no U
2015-03-25 17:08 2015-03-25 17:45 A 0.64 1.14 H+ no U
2015-03-25 22:00 2015-03-25 22:46 B 0.40 1.00 H+ no U
2015-03-28 06:12 2015-03-28 06:24 A 0.34 0.76 H+ no U
2015-03-28 06:16 2015-03-28 07:34 B 0.50 3.10 H+ no U
2015-03-28 17:34 2015-03-28 17:42 A 0.34 0.49 He+ no U
2015-03-28 19:02 2015-03-28 19:12 B 2.41 3.05 He+ no U
2015-03-28 19:14 2015-03-28 19:22 B 1.54 2.07 He+ no U
2015-03-28 19:14 2015-03-28 19:21 B 2.03 2.39 He+ yes U
2015-03-28 21:11 2015-03-28 21:17 A 2.43 2.88 He+ no PP
2015-03-28 21:26 2015-03-28 21:36 B 0.41 0.64 H+ yes U
2015-03-28 22:24 2015-03-28 22:39 A 0.70 2.30 H+ yes U
2015-03-28 22:25 2015-03-28 22:28 A 2.30 3.10 H+ no U
2015-03-28 22:30 2015-03-28 22:38 A 0.23 0.66 He+ no U
2015-03-29 05:29 2015-03-29 05:46 B 0.29 0.67 He+ yes U
2015-03-29 07:09 2015-03-29 07:21 A 0.26 0.81 He+ yes U
2015-03-29 09:24 2015-03-29 10:24 B 0.17 0.63 He+ yes U
2015-03-29 11:56 2015-03-29 12:05 A 0.23 0.39 He+ no PP
2015-03-29 14:53 2015-03-29 15:08 A 2.40 3.50 He+ no PP
2015-03-29 22:35 2015-03-29 22:48 B 0.25 0.60 O+ yes U
2015-03-30 00:06 2015-03-30 00:29 B 0.60 1.10 H+ no U
2015-03-30 00:50 2015-03-30 01:26 A 0.13 0.37 O+ yes U
2015-03-30 00:58 2015-03-30 02:05 B 0.19 0.41 He+ no U
2015-03-30 04:10 2015-03-30 05:01 A 0.25 0.51 He+ no U
2015-03-30 22:30 2015-03-30 22:57 A 0.19 0.61 He+ no U
2015-03-31 14:07 2015-03-31 14:43 A 0.05 0.19 O+ yes U
2015-03-31 15:09 2015-03-31 15:34 B 0.11 0.76 He+ yes U
2015-03-31 15:49 2015-03-31 16:42 A 0.11 0.30 He+ yes U
2015-04-01 13:38 2015-04-01 13:51 B 0.82 1.01 He+ no PP
2015-04-01 16:32 2015-04-01 16:52 B 0.13 0.21 He+ no U
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2015-04-01 16:40 2015-04-01 16:47 A 0.13 0.22 O+ no U
2015-04-01 17:05 2015-04-01 17:15 A 0.14 0.67 He+ no U
2015-04-01 18:06 2015-04-01 18:58 B 0.16 0.53 He+ yes U
2015-04-01 18:45 2015-04-01 18:59 B 0.82 1.21 H+ no U
2015-04-01 18:47 2015-04-01 19:40 A 0.13 0.48 He+ yes U
2015-04-01 20:56 2015-04-01 21:15 A 0.12 0.28 O+ no U
2015-04-02 08:52 2015-04-02 09:11 B 0.13 0.49 He+ yes U
2015-04-02 09:58 2015-04-02 10:39 A 0.07 1.00 O+ yes U
2015-04-02 14:25 2015-04-02 14:38 A 0.92 1.46 H+ no U
2015-04-02 18:05 2015-04-02 18:26 B 0.12 0.51 O+ yes U
2015-04-03 03:42 2015-04-03 04:26 B 0.11 0.48 He+ no U
2015-04-03 04:27 2015-04-03 05:27 B 0.16 0.31 He+ no PP
2015-04-03 05:23 2015-04-03 06:30 B 0.11 0.24 He+ no U
2015-04-03 11:34 2015-04-03 11:48 A 2.30 3.40 He+ no PP
2015-04-03 23:33 2015-04-03 23:39 B 0.64 0.84 H+ no U
2015-04-05 19:33 2015-04-05 19:53 B 0.69 0.93 H+ yes U
2015-04-05 19:48 2015-04-05 20:18 A 0.74 1.03 H+ yes U
2015-04-09 04:28 2015-04-09 04:40 B 0.21 0.46 He+ yes U
2015-04-09 04:39 2015-04-09 04:50 A 0.17 0.57 He+ yes U
2015-04-09 12:56 2015-04-09 13:37 B 0.11 0.45 O+ yes U
2015-04-09 13:06 2015-04-09 13:36 A 0.11 0.39 O+ yes U
2015-04-09 14:34 2015-04-09 15:03 A 0.07 0.25 O+ yes U
2015-04-09 14:36 2015-04-09 15:03 B 0.11 0.23 O+ yes U
2015-04-09 15:08 2015-04-09 15:26 B 0.11 0.34 He+ yes U
2015-04-09 15:08 2015-04-09 15:26 A 0.09 0.27 He+ yes U
2015-04-09 15:26 2015-04-09 15:42 B 0.20 0.42 He+ yes U
2015-04-09 23:23 2015-04-09 23:31 A 0.63 0.89 H+ yes U
2015-04-09 23:23 2015-04-09 23:31 B 0.63 0.89 H+ yes U
2015-04-10 10:15 2015-04-10 11:44 A 0.12 0.68 He+ yes U
2015-04-10 11:09 2015-04-10 11:24 B 0.31 0.66 He+ yes U
2015-04-10 14:08 2015-04-10 14:18 B 0.83 1.21 He+ yes U
2015-04-10 14:23 2015-04-10 14:28 A 0.91 1.14 He+ yes U
2015-04-10 19:36 2015-04-10 20:12 A 0.22 0.53 He+ yes U
2015-04-10 19:43 2015-04-10 20:11 B 0.19 0.49 He+ yes U
2015-04-10 20:12 2015-04-10 20:20 A 0.18 0.50 He+ no U
2015-04-11 05:58 2015-04-11 06:06 B 0.76 1.37 He+ yes U
2015-04-11 06:04 2015-04-11 06:18 A 0.80 1.40 He+ yes U
2015-04-11 20:06 2015-04-11 21:02 A 0.80 1.31 H+ yes U
2015-04-11 20:33 2015-04-11 20:52 B 0.76 1.12 H+ yes PP
2015-04-11 23:07 2015-04-11 23:15 B 0.29 0.53 He+ no PP
2015-04-12 06:47 2015-04-12 07:37 A 0.76 1.21 H+ yes U
2015-04-12 06:50 2015-04-12 07:33 B 0.83 1.19 H+ yes U
2015-04-13 08:53 2015-04-13 10:08 B 0.11 0.27 He+ yes U
2015-04-13 08:59 2015-04-13 09:52 A 0.12 0.44 He+ yes U
2015-04-13 10:05 2015-04-13 10:22 B 0.51 0.92 H+ no U
2015-04-13 12:05 2015-04-13 12:41 A 0.80 1.01 O+ yes U
2015-04-13 12:17 2015-04-13 12:48 B 0.82 0.96 O+ yes U
2015-04-13 18:34 2015-04-13 19:01 A 0.51 1.21 H+ yes U
2015-04-13 18:35 2015-04-13 18:57 B 0.54 0.83 H+ yes U
2015-04-14 09:04 2015-04-14 09:41 A 0.56 0.66 He+ no U
2015-04-14 10:03 2015-04-14 10:23 A 0.83 1.18 H+ no U
2015-04-14 13:26 2015-04-14 14:26 A 0.20 1.00 He+ yes U
2015-04-14 13:43 2015-04-14 14:30 A 0.95 2.68 H+ yes U
2015-04-14 14:25 2015-04-14 14:44 B 0.40 1.00 He+ yes U
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2015-04-14 14:33 2015-04-14 15:07 B 1.20 3.40 H+ yes U
2015-04-14 17:35 2015-04-14 18:11 A 0.37 1.06 He+ yes U
2015-04-14 18:13 2015-04-14 18:28 B 0.96 1.91 H+ no U
2015-04-14 18:17 2015-04-14 18:31 B 0.49 0.91 He+ yes U
2015-04-14 18:47 2015-04-14 19:23 B 0.50 1.70 H+ no U
2015-04-14 18:50 2015-04-14 18:56 B 0.24 0.54 O+ no U
2015-04-15 05:46 2015-04-15 06:38 B 0.10 0.43 He+ no U
2015-04-15 06:19 2015-04-15 06:35 B 0.39 0.87 H+ no U
2015-04-15 11:31 2015-04-15 11:41 A 1.62 3.87 H+ yes U
2015-04-15 11:33 2015-04-15 11:40 A 0.97 1.41 He+ no U
2015-04-15 11:59 2015-04-15 12:01 B 3.70 4.27 H+ yes U
2015-04-15 17:48 2015-04-15 17:53 A 0.90 1.40 He+ yes U
2015-04-15 18:24 2015-04-15 18:26 B 1.00 1.90 He+ yes U
2015-04-15 21:11 2015-04-15 21:17 B 0.40 1.20 He+ yes U
2015-04-16 03:27 2015-04-16 03:35 B 1.00 1.70 He+ yes U
2015-04-16 05:28 2015-04-16 05:31 A 0.22 0.79 O+ yes U
2015-04-16 05:44 2015-04-16 05:49 B 0.25 0.66 O+ yes U
2015-04-16 05:50 2015-04-16 05:58 B 0.50 1.70 He+ no U
2015-04-16 10:48 2015-04-16 11:14 A 0.23 0.76 He+ no U
2015-04-16 11:39 2015-04-16 11:53 A 0.75 2.54 He+ yes U
2015-04-16 12:22 2015-04-16 12:29 B 0.83 2.97 He+ yes U
2015-04-16 20:37 2015-04-16 20:43 A 1.57 1.99 He+ yes U
2015-04-16 20:37 2015-04-16 20:52 A 2.88 5.20 H+ yes U
2015-04-16 21:21 2015-04-16 21:32 B 1.10 2.90 He+ yes U
2015-04-16 21:30 2015-04-16 21:32 B 4.10 4.90 H+ yes U
2015-04-17 08:23 2015-04-17 08:28 B 0.80 4.80 O+ no U
2015-04-17 13:26 2015-04-17 14:14 A 0.18 0.70 He+ no U
2015-04-17 13:50 2015-04-17 14:00 A 0.16 0.25 O+ no U
2015-04-17 14:56 2015-04-17 15:09 B 0.59 0.73 He+ no U
2015-04-17 14:58 2015-04-17 15:06 B 0.40 0.60 He+ yes U
2015-04-17 22:38 2015-04-17 23:22 B 0.42 0.69 He+ no U
2015-04-17 23:34 2015-04-18 00:06 A 0.60 2.70 He+ no U
2015-04-18 00:17 2015-04-18 00:51 B 0.50 1.60 He+ yes U
2015-04-19 18:40 2015-04-19 18:49 B 0.52 0.76 H+ no U
2015-04-19 23:28 2015-04-19 23:45 A 0.10 0.29 O+ no U
2015-04-19 23:42 2015-04-19 23:51 A 0.25 0.57 He+ no U
2015-04-20 02:05 2015-04-20 02:10 B 0.74 0.96 H+ no U
2015-04-20 19:29 2015-04-20 20:22 A 0.30 1.00 H+ yes U
2015-04-20 20:16 2015-04-20 21:40 B 0.61 1.19 H+ yes U
2015-04-20 20:21 2015-04-20 20:58 A 0.60 1.25 H+ no U
2015-04-21 02:37 2015-04-21 03:07 A 0.72 1.91 H+ yes U
2015-04-21 04:13 2015-04-21 04:18 B 1.02 1.29 H+ yes U
2015-04-21 09:01 2015-04-21 09:18 B 0.47 0.76 He+ no U
2015-04-23 03:35 2015-04-23 03:49 B 0.36 1.28 H+ yes U
2015-04-23 03:36 2015-04-23 03:44 A 0.56 1.06 H+ yes U
2015-04-23 03:44 2015-04-23 03:54 B 0.20 0.40 He+ yes U
2015-04-23 03:46 2015-04-23 03:50 A 0.32 0.62 He+ yes U
2015-04-26 21:35 2015-04-26 21:48 B 0.97 1.15 H+ yes U
2015-04-26 21:36 2015-04-26 21:45 A 0.95 1.12 H+ yes U
2015-04-26 22:05 2015-04-26 22:25 B 1.24 1.42 H+ no U
2015-04-27 12:05 2015-04-27 12:37 A 0.18 0.85 He+ no U
2015-04-27 15:57 2015-04-27 16:13 B 0.21 0.37 He+ no U
2015-04-27 22:45 2015-04-27 22:52 A 0.34 0.83 H+ no U
2015-04-28 03:11 2015-04-28 03:51 B 0.26 0.58 He+ no U
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2015-04-28 03:50 2015-04-28 05:00 B 0.26 0.69 O+ no U
2015-04-28 06:39 2015-04-28 07:33 A 0.13 0.31 He+ no PP
2015-04-28 15:25 2015-04-28 16:29 B 0.12 0.23 O+ no U
2015-04-29 12:00 2015-04-29 12:26 B 0.13 0.69 He+ no PP
2015-04-29 21:28 2015-04-29 21:44 A 0.19 0.46 He+ yes U
2015-04-29 22:23 2015-04-29 23:11 B 0.14 0.38 He+ yes U
2015-04-30 01:31 2015-04-30 01:38 A 3.94 5.24 H+ no U
2015-04-30 01:32 2015-04-30 01:41 A 6.47 7.60 H+ no U
2015-04-30 02:29 2015-04-30 02:55 A 0.94 1.34 H+ no U
2015-04-30 03:26 2015-04-30 03:57 A 0.37 0.53 He+ no U
2015-05-01 03:41 2015-05-01 03:58 B 0.63 1.17 He+ no PP
2015-05-02 10:04 2015-05-02 10:56 A 0.62 0.78 H+ no PP
2015-05-02 21:17 2015-05-02 21:49 B 0.59 1.00 H+ no U
2015-05-02 21:43 2015-05-02 22:08 B 0.26 0.48 He+ no U
2015-05-06 02:53 2015-05-06 04:45 A 0.11 0.45 He+ yes U
2015-05-06 04:29 2015-05-06 05:23 A 0.12 0.41 He+ no U
2015-05-06 05:24 2015-05-06 05:35 A 0.14 0.37 He+ no U
2015-05-06 05:47 2015-05-06 05:57 A 0.22 0.58 He+ no U
2015-05-06 06:02 2015-05-06 06:11 B 0.50 1.30 H+ no U
2015-05-06 06:33 2015-05-06 07:04 B 0.10 0.39 He+ yes U
2015-05-06 15:44 2015-05-06 16:13 A 0.23 0.95 He+ no U
2015-05-06 21:47 2015-05-06 22:19 B 0.95 6.87 He+ no U
2015-05-06 22:12 2015-05-06 22:48 B 0.20 1.00 O+ no U
2015-05-07 00:13 2015-05-07 01:13 B 0.14 0.31 He+ no PP
2015-05-07 02:22 2015-05-07 02:47 B 0.30 0.42 He+ no PP
2015-05-07 09:36 2015-05-07 09:55 A 0.26 0.67 He+ no U
2015-05-07 10:10 2015-05-07 10:18 A 0.68 1.28 He+ no U
2015-05-08 00:59 2015-05-08 01:09 A 0.65 0.85 H+ no U
2015-05-08 11:01 2015-05-08 11:09 A 0.57 1.08 H+ no U
2015-05-09 21:48 2015-05-09 22:12 A 0.13 0.41 He+ no U
2015-05-09 21:54 2015-05-09 22:09 A 0.43 1.21 H+ no U
2015-05-09 22:18 2015-05-09 22:49 A 0.19 0.49 He+ no U
2015-05-10 06:13 2015-05-10 06:34 A 0.25 0.56 He+ no U
2015-05-10 09:12 2015-05-10 09:29 B 0.20 0.37 He+ no U
2015-05-10 13:57 2015-05-10 14:18 A 0.27 0.69 He+ no U
2015-05-10 15:47 2015-05-10 15:55 A 0.22 0.38 He+ no U
2015-05-10 16:15 2015-05-10 17:35 A 0.15 0.47 He+ no U
2015-05-10 18:51 2015-05-10 20:16 B 0.10 0.20 He+ no U
2015-05-10 20:20 2015-05-10 20:43 B 0.15 0.38 He+ no U
2015-05-11 07:15 2015-05-11 07:21 B 1.69 2.07 H+ no U
2015-05-11 07:35 2015-05-11 07:46 A 0.27 0.66 He+ no U
2015-05-11 11:43 2015-05-11 12:09 B 0.23 0.49 He+ no U
2015-05-11 12:13 2015-05-11 12:46 B 0.15 0.39 He+ yes U
2015-05-11 21:01 2015-05-11 22:08 B 0.10 0.46 He+ no U
2015-05-12 01:53 2015-05-12 02:04 A 0.34 0.56 He+ no U
2015-05-12 02:20 2015-05-12 02:52 A 0.16 0.46 He+ yes U
2015-05-12 05:42 2015-05-12 05:53 B 0.60 1.80 H+ no U
2015-05-12 05:51 2015-05-12 06:29 B 0.13 0.59 He+ yes U
2015-05-12 06:15 2015-05-12 06:37 A 0.80 3.00 H+ yes U
2015-05-12 10:17 2015-05-12 10:23 A 0.24 0.84 He+ yes U
2015-05-12 10:46 2015-05-12 10:58 A 0.09 0.49 O+ no U
2015-05-12 10:49 2015-05-12 11:09 B 1.67 3.98 H+ no U
2015-05-12 13:52 2015-05-12 14:02 B 0.80 1.90 He+ no U
2015-05-12 14:19 2015-05-12 14:26 B 0.51 0.90 He+ yes U
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2015-05-12 19:35 2015-05-12 19:54 A 0.16 0.66 He+ no U
2015-05-12 19:38 2015-05-12 19:54 A 0.69 1.31 H+ no U
2015-05-12 19:58 2015-05-12 20:04 A 0.30 0.49 He+ no U
2015-05-12 20:30 2015-05-12 21:26 A 0.45 0.90 H+ no U
2015-05-12 23:02 2015-05-12 23:08 B 0.56 1.02 He+ no U
2015-05-13 00:01 2015-05-13 00:08 B 1.14 1.39 H+ no U
2015-05-13 01:02 2015-05-13 01:11 A 3.30 4.80 H+ no U
2015-05-13 03:44 2015-05-13 03:52 A 1.80 4.00 H+ no U
2015-05-13 03:45 2015-05-13 03:47 A 0.90 1.50 He+ no U
2015-05-13 09:54 2015-05-13 09:58 A 2.25 3.01 H+ no U
2015-05-13 10:04 2015-05-13 10:08 A 1.50 2.60 He+ yes U
2015-05-13 12:08 2015-05-13 12:25 A 0.68 2.62 He+ yes U
2015-05-13 14:19 2015-05-13 14:30 B 0.58 1.64 He+ yes U
2015-05-13 16:23 2015-05-13 16:53 B 0.60 4.30 He+ yes U
2015-05-14 03:07 2015-05-14 03:32 A 0.33 0.51 He+ no U
2015-05-14 15:12 2015-05-14 15:30 A 0.41 0.73 O+ no U
2015-05-14 16:16 2015-05-14 16:54 A 0.48 0.66 He+ no U
2015-05-15 04:24 2015-05-15 04:58 B 0.70 1.30 O+ no PP
2015-05-17 01:53 2015-05-17 02:47 A 0.20 0.60 He+ no U
2015-05-18 12:32 2015-05-18 14:04 A 0.11 0.46 He+ no U
2015-05-18 14:32 2015-05-18 14:47 B 2.21 3.17 H+ no U
2015-05-18 15:24 2015-05-18 15:40 A 2.87 3.45 H+ no U
2015-05-18 15:51 2015-05-18 16:05 A 2.27 2.60 H+ no U
2015-05-18 21:22 2015-05-18 22:00 A 0.10 0.36 He+ no U
2015-05-19 00:00 2015-05-19 00:14 B 0.32 0.92 He+ no U
2015-05-19 10:43 2015-05-19 10:57 B 0.23 0.39 He+ no U
2015-05-20 01:21 2015-05-20 01:30 A 0.58 0.81 H+ no U
2015-05-20 04:09 2015-05-20 04:16 B 0.55 1.14 H+ no U
2015-05-22 03:12 2015-05-22 04:12 A 0.48 0.65 He+ no U
2015-05-22 03:45 2015-05-22 04:25 A 0.64 0.79 He+ no U
2015-05-22 11:22 2015-05-22 12:07 A 0.28 0.47 O+ no U
2015-05-23 17:31 2015-05-23 18:06 A 0.98 1.25 H+ no U
2015-05-24 02:25 2015-05-24 02:29 A 0.37 0.62 He+ no U
2015-05-24 03:32 2015-05-24 03:49 A 0.09 0.45 He+ no U
2015-05-26 18:48 2015-05-26 19:18 A 0.54 0.87 H+ no U
2015-05-26 19:16 2015-05-26 20:21 A 0.49 1.26 He+ no U
2015-05-26 21:44 2015-05-26 21:59 B 2.27 2.54 H+ no U
2015-05-26 22:02 2015-05-26 22:56 B 0.37 0.50 He+ no U
2015-05-28 02:38 2015-05-28 03:40 B 0.12 0.47 He+ yes U
2015-05-28 02:45 2015-05-28 03:04 A 0.57 0.91 He+ no U
2015-05-28 11:50 2015-05-28 14:03 B 0.12 0.54 He+ yes U
2015-05-28 12:16 2015-05-28 12:22 B 0.54 0.83 H+ no U
2015-05-28 13:49 2015-05-28 14:57 A 0.13 0.52 He+ yes U
2015-06-01 00:19 2015-06-01 00:34 A 0.07 0.28 He+ no PP
2015-06-01 05:25 2015-06-01 05:44 B 0.20 0.60 He+ no U
2015-06-03 18:50 2015-06-03 19:30 B 1.73 2.09 H+ no U
2015-06-03 19:02 2015-06-03 20:04 B 1.18 1.75 H+ no U
2015-06-05 15:16 2015-06-05 16:35 B 0.11 0.48 O+ no U
2015-06-05 17:25 2015-06-05 17:59 B 1.08 1.17 H+ no U
2015-06-05 19:47 2015-06-05 21:23 A 0.79 0.99 H+ yes U
2015-06-05 19:48 2015-06-05 20:38 B 0.82 0.97 H+ yes U
2015-06-06 00:19 2015-06-06 01:20 B 0.17 0.77 O+ no U
2015-06-06 03:04 2015-06-06 03:58 A 0.05 0.18 O+ no U
2015-06-06 07:01 2015-06-06 07:18 A 1.14 1.27 H+ no U
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2015-06-06 09:42 2015-06-06 10:22 B 0.42 1.34 He+ no U
2015-06-07 06:39 2015-06-07 08:45 B 0.80 1.70 H+ yes U
2015-06-07 07:05 2015-06-07 08:46 A 0.76 1.72 H+ yes U
2015-06-07 09:20 2015-06-07 10:32 A 1.53 2.44 H+ yes U
2015-06-07 09:21 2015-06-07 09:42 B 1.47 1.90 H+ yes U
2015-06-07 15:23 2015-06-07 16:15 B 2.36 2.56 H+ yes U
2015-06-07 15:48 2015-06-07 16:14 A 2.34 2.58 H+ yes U
2015-06-07 23:22 2015-06-07 23:39 A 1.54 2.01 H+ yes U
2015-06-07 23:25 2015-06-07 23:38 B 1.50 1.98 H+ yes U
2015-06-08 00:12 2015-06-08 00:34 B 0.20 0.50 He+ no U
2015-06-08 00:14 2015-06-08 00:21 B 0.55 1.06 H+ no U
2015-06-08 00:18 2015-06-08 00:24 A 1.64 1.81 H+ no U
2015-06-08 00:35 2015-06-08 01:00 B 0.09 0.52 He+ yes U
2015-06-08 00:55 2015-06-08 01:13 A 0.11 0.55 He+ yes U
2015-06-08 01:17 2015-06-08 01:22 A 0.05 0.14 O+ no U
2015-06-08 04:34 2015-06-08 04:51 A 0.39 0.75 He+ no U
2015-06-08 07:17 2015-06-08 07:30 B 0.20 1.10 He+ no U
2015-06-08 07:57 2015-06-08 08:06 A 0.53 1.47 He+ no U
2015-06-08 15:48 2015-06-08 16:03 B 0.23 0.93 O+ no U
2015-06-08 17:10 2015-06-08 17:14 A 0.56 1.12 He+ no U
2015-06-09 19:41 2015-06-09 19:54 B 2.91 4.04 H+ yes U
2015-06-09 20:27 2015-06-09 20:30 A 3.18 4.11 H+ yes U
2015-06-10 03:45 2015-06-10 03:57 B 0.39 0.82 O+ no U
2015-06-11 06:43 2015-06-11 07:12 B 0.26 0.57 O+ no U
2015-06-11 08:42 2015-06-11 08:52 A 0.36 0.72 He+ no U
2015-06-12 10:00 2015-06-12 10:24 A 0.57 0.99 O+ no PP
2015-06-12 20:02 2015-06-12 20:09 B 0.70 0.82 He+ no U
2015-06-13 22:46 2015-06-13 23:17 B 0.44 0.89 He+ yes PP
2015-06-13 23:03 2015-06-13 23:25 A 0.41 0.85 He+ yes U
2015-06-14 00:31 2015-06-14 01:16 B 0.07 0.28 O+ yes U
2015-06-14 00:33 2015-06-14 01:15 A 0.07 0.31 O+ yes PP
2015-06-14 02:58 2015-06-14 03:14 B 0.24 0.70 He+ yes U
2015-06-14 03:02 2015-06-14 03:11 A 0.32 0.60 He+ yes U
2015-06-14 08:49 2015-06-14 09:37 B 0.15 0.64 He+ yes U
2015-06-14 08:49 2015-06-14 09:37 A 0.15 0.64 He+ yes U
2015-06-15 04:12 2015-06-15 04:38 A 0.52 1.06 H+ no U
2015-06-15 23:31 2015-06-16 00:06 B 0.13 0.26 He+ no U
2015-06-19 04:20 2015-06-19 04:57 A 0.16 0.32 O+ yes U
2015-06-19 04:40 2015-06-19 05:24 B 0.13 0.31 O+ yes U
2015-06-19 07:53 2015-06-19 09:05 B 0.15 0.31 He+ no U
2015-06-22 07:00 2015-06-22 08:01 A 0.12 0.52 He+ yes U
2015-06-22 07:07 2015-06-22 07:17 A 0.49 0.79 H+ yes U
2015-06-22 07:20 2015-06-22 07:34 B 0.14 0.53 He+ yes U
2015-06-22 07:39 2015-06-22 07:46 B 0.12 0.53 He+ yes U
2015-06-22 07:50 2015-06-22 07:58 B 0.23 0.56 He+ yes U
2015-06-22 08:01 2015-06-22 08:33 B 0.25 0.67 He+ no U
2015-06-22 08:04 2015-06-22 08:41 B 0.59 1.32 H+ no U
2015-06-22 08:59 2015-06-22 09:54 B 0.50 1.10 H+ no U
2015-06-22 09:08 2015-06-22 09:45 B 0.21 0.56 He+ no U
2015-06-22 15:01 2015-06-22 15:29 A 0.11 0.41 He+ yes U
2015-06-22 15:33 2015-06-22 15:52 A 0.05 0.13 He+ no U
2015-06-22 15:39 2015-06-22 15:47 B 0.18 0.49 He+ yes U
2015-06-22 15:46 2015-06-22 16:48 B 0.05 0.28 He+ no U
2015-06-22 19:26 2015-06-22 19:46 A 2.25 10.59 H+ yes U
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2015-06-22 19:47 2015-06-22 19:47 A 3.43 4.34 He+ no U
2015-06-22 19:49 2015-06-22 19:56 A 2.85 5.54 He+ no U
2015-06-22 19:50 2015-06-22 20:00 A 6.00 13.00 H+ no U
2015-06-22 20:41 2015-06-22 20:44 B 4.20 5.40 H+ yes U
2015-06-22 21:38 2015-06-22 21:47 A 2.98 7.76 H+ no U
2015-06-22 22:12 2015-06-22 22:29 A 0.50 1.30 He+ yes U
2015-06-22 22:15 2015-06-22 22:29 A 1.49 3.89 H+ yes U
2015-06-22 23:09 2015-06-22 23:26 B 0.87 1.56 He+ yes U
2015-06-22 23:19 2015-06-22 23:44 B 0.12 0.36 O+ no U
2015-06-23 13:41 2015-06-23 13:43 A 0.53 3.42 O+ yes U
2015-06-23 14:46 2015-06-23 14:49 B 0.42 2.21 O+ yes U
2015-06-23 15:06 2015-06-23 15:19 A 2.50 8.10 He+ yes U
2015-06-23 15:23 2015-06-23 15:32 A 1.50 2.30 He+ yes U
2015-06-23 16:14 2015-06-23 16:52 B 0.97 8.81 He+ yes U
2015-06-23 16:35 2015-06-23 16:48 B 0.13 0.42 O+ no U
2015-06-23 18:00 2015-06-23 19:10 A 0.31 0.50 He+ no U
2015-06-24 04:26 2015-06-24 04:33 B 0.52 0.98 H+ no U
2015-06-24 11:04 2015-06-24 11:52 B 0.39 1.38 He+ no U
2015-06-24 11:50 2015-06-24 13:23 B 0.19 0.62 He+ no PP
2015-06-24 13:28 2015-06-24 14:24 B 0.31 0.56 He+ no U
2015-06-24 13:37 2015-06-24 14:21 B 0.58 1.10 H+ no U
2015-06-24 15:01 2015-06-24 15:20 A 0.60 0.97 He+ no U
2015-06-24 15:32 2015-06-24 15:47 A 1.50 2.20 H+ no U
2015-06-24 16:02 2015-06-24 16:21 A 1.07 2.25 He+ yes U
2015-06-24 16:57 2015-06-24 17:30 B 0.59 1.41 He+ yes U
2015-06-24 18:33 2015-06-24 18:50 A 4.70 7.20 H+ yes U
2015-06-24 19:51 2015-06-24 19:59 B 5.20 6.80 H+ yes U
2015-06-24 20:09 2015-06-24 20:15 A 4.28 4.57 H+ yes U
2015-06-24 20:30 2015-06-24 20:37 A 2.92 3.37 H+ yes U
2015-06-25 03:31 2015-06-25 03:50 A 3.66 7.67 H+ no U
2015-06-25 04:31 2015-06-25 04:45 B 0.86 1.57 O+ no U
2015-06-25 04:43 2015-06-25 05:01 B 0.55 0.89 O+ no U
2015-06-25 07:19 2015-06-25 07:26 A 0.24 0.55 He+ yes U
2015-06-25 07:22 2015-06-25 07:27 B 0.27 0.56 He+ yes U
2015-06-25 07:24 2015-06-25 07:45 B 0.44 1.35 H+ yes U
2015-06-25 07:24 2015-06-25 07:31 A 0.52 1.07 H+ yes U
2015-06-25 07:32 2015-06-25 07:36 A 1.15 1.76 H+ no U
2015-06-25 13:44 2015-06-25 13:49 A 0.30 0.75 He+ no U
2015-06-25 15:33 2015-06-25 16:01 B 0.13 0.42 He+ no U
2015-06-25 21:07 2015-06-25 21:15 A 1.89 3.79 He+ no U
2015-06-27 01:49 2015-06-27 02:13 B 0.33 0.68 O+ no U
2015-06-27 03:10 2015-06-27 03:41 B 0.28 0.60 He+ no U
2015-06-27 09:21 2015-06-27 09:45 A 1.82 2.22 He+ no U
2015-06-27 18:33 2015-06-27 18:41 A 3.41 4.68 H+ no U
2015-06-27 18:54 2015-06-27 19:04 A 2.49 2.81 H+ no U
2015-06-27 20:44 2015-06-27 21:03 B 0.62 0.95 He+ no U
2015-06-27 20:57 2015-06-27 21:28 B 1.10 1.90 H+ no U
2015-06-28 12:07 2015-06-28 12:12 A 1.10 1.36 O+ yes U
2015-06-28 12:29 2015-06-28 12:39 B 0.94 2.70 O+ no U
2015-06-28 13:44 2015-06-28 13:58 B 1.20 1.70 O+ no PP
2015-06-28 14:10 2015-06-28 15:07 B 0.90 1.60 He+ no PP
2015-06-29 16:53 2015-06-29 17:08 B 0.53 0.78 O+ no PP
2015-06-30 17:41 2015-06-30 18:57 A 0.20 0.48 O+ no PP
2015-06-30 21:53 2015-06-30 22:13 A 0.16 0.36 He+ no U
Continued on next page
226
Table C.1 – continued from previous page
Event Time (UTC) Frequency (Hz) Ion Both
Start End S/C Min. Max. Band S/C Wave Type
2015-06-30 22:40 2015-06-30 22:56 A 0.25 0.49 He+ no U
2015-07-01 03:08 2015-07-01 03:17 A 2.20 3.30 He+ no PP
2015-07-01 14:41 2015-07-01 14:56 A 0.69 1.12 H+ no U
2015-07-01 15:57 2015-07-01 16:08 B 2.50 3.10 H+ no U
2015-07-03 22:46 2015-07-03 23:31 B 0.26 0.44 He+ no PP
2015-07-03 23:46 2015-07-04 01:05 B 0.13 0.38 He+ no U
2015-07-04 14:19 2015-07-04 14:32 A 0.27 0.65 He+ no U
2015-07-04 15:21 2015-07-04 15:57 A 0.60 2.10 H+ no U
2015-07-04 15:35 2015-07-04 17:19 B 1.40 2.50 H+ no U
2015-07-04 21:21 2015-07-04 21:37 B 0.85 2.40 He+ no U
2015-07-04 21:36 2015-07-04 21:45 A 0.56 1.01 He+ yes U
2015-07-04 21:40 2015-07-04 21:51 A 1.02 1.37 H+ no U
2015-07-05 00:33 2015-07-05 00:52 B 0.30 0.91 He+ no U
2015-07-05 00:33 2015-07-05 00:48 B 0.83 2.00 H+ no U
2015-07-05 05:36 2015-07-05 05:49 A 4.98 5.94 He+ no PP
2015-07-05 05:59 2015-07-05 06:03 A 4.99 5.70 H+ no PP
2015-07-05 06:03 2015-07-05 06:14 A 0.67 1.33 He+ yes U
2015-07-05 07:34 2015-07-05 08:23 A 0.21 0.50 He+ no U
2015-07-05 08:28 2015-07-05 09:11 A 0.11 0.30 He+ no U
2015-07-05 08:32 2015-07-05 08:40 B 1.07 2.87 He+ yes PP
2015-07-05 09:19 2015-07-05 10:26 A 0.12 0.24 He+ yes U
2015-07-05 11:03 2015-07-05 11:11 A 0.19 0.44 He+ no U
2015-07-05 11:11 2015-07-05 11:37 A 0.20 0.80 He+ yes U
2015-07-05 11:15 2015-07-05 11:24 A 0.65 1.29 H+ no U
2015-07-05 11:15 2015-07-05 11:29 B 0.47 1.08 H+ no U
2015-07-05 11:40 2015-07-05 11:54 A 0.59 1.23 He+ no U
2015-07-05 12:21 2015-07-05 12:56 A 0.72 2.77 He+ yes U
2015-07-05 12:25 2015-07-05 12:58 B 0.17 0.37 He+ yes U
2015-07-05 13:00 2015-07-05 13:47 B 0.13 0.41 He+ yes U
2015-07-05 18:04 2015-07-05 18:13 B 0.62 0.97 He+ no U
2015-07-05 23:28 2015-07-06 00:14 B 0.37 0.93 He+ no PP
2015-07-06 00:12 2015-07-06 00:52 B 0.40 0.85 O+ no PP
2015-07-06 09:59 2015-07-06 10:21 A 1.19 1.65 H+ no U
2015-07-06 10:19 2015-07-06 10:48 A 0.38 0.74 He+ no U
2015-07-06 21:36 2015-07-06 22:01 B 1.11 1.96 H+ no U
2015-07-07 04:05 2015-07-07 04:17 A 1.45 1.72 H+ no U
2015-07-07 05:09 2015-07-07 05:39 A 0.36 0.45 He+ no PP
2015-07-07 07:19 2015-07-07 07:37 A 0.95 1.13 H+ yes U
2015-07-07 09:58 2015-07-07 10:11 B 0.90 1.41 H+ yes U
2015-07-07 12:55 2015-07-07 13:23 A 0.30 0.61 He+ no U
2015-07-07 13:20 2015-07-07 13:40 A 0.51 0.69 He+ no U
2015-07-07 13:39 2015-07-07 14:14 A 0.43 0.58 He+ no PP
2015-07-07 14:21 2015-07-07 15:20 A 0.40 0.51 He+ no U
2015-07-07 14:43 2015-07-07 15:18 B 0.47 0.74 O+ no PP
2015-07-07 15:41 2015-07-07 16:12 A 0.35 0.42 He+ no PP
2015-07-07 20:45 2015-07-07 21:02 A 1.78 2.36 He+ no PP
2015-07-09 03:00 2015-07-09 03:58 B 0.99 1.37 He+ no PP
2015-07-09 18:59 2015-07-09 19:22 A 0.24 0.43 He+ no U
2015-07-10 14:56 2015-07-10 16:20 A 0.23 0.77 O+ no U
2015-07-10 16:37 2015-07-10 17:28 A 0.53 0.69 He+ no PP
2015-07-10 23:16 2015-07-11 00:07 A 0.06 0.41 O+ no U
2015-07-11 00:07 2015-07-11 00:40 A 0.15 0.56 He+ no U
2015-07-11 00:21 2015-07-11 01:09 B 2.05 9.57 H+ yes PP
2015-07-11 01:20 2015-07-11 01:32 B 2.70 4.40 H+ yes U
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2015-07-11 02:21 2015-07-11 02:58 B 0.09 0.57 He+ no U
2015-07-11 05:35 2015-07-11 06:15 A 2.43 7.21 H+ yes U
2015-07-11 07:08 2015-07-11 08:05 A 0.63 1.88 H+ no U
2015-07-11 07:21 2015-07-11 07:57 A 0.30 0.70 He+ no U
2015-07-11 08:21 2015-07-11 08:51 A 0.27 0.50 He+ yes U
2015-07-11 08:24 2015-07-11 08:46 A 0.48 1.10 H+ yes U
2015-07-11 10:32 2015-07-11 10:39 B 0.22 0.43 He+ no U
2015-07-11 12:20 2015-07-11 12:33 B 0.12 0.46 He+ yes U
2015-07-11 12:21 2015-07-11 12:33 B 0.42 0.94 H+ yes U
2015-07-11 19:31 2015-07-11 19:45 A 0.09 0.38 He+ no U
2015-07-11 20:50 2015-07-11 20:57 A 0.46 0.94 He+ no U
2015-07-12 00:05 2015-07-12 00:24 A 0.30 1.20 He+ no U
2015-07-12 09:20 2015-07-12 09:28 B 0.45 1.06 He+ no U
2015-07-12 09:45 2015-07-12 10:12 B 0.45 1.74 He+ no U
2015-07-13 03:07 2015-07-13 03:21 B 0.11 0.50 O+ no U
2015-07-13 12:07 2015-07-13 12:13 A 0.51 1.29 He+ yes U
2015-07-13 15:16 2015-07-13 15:36 B 0.70 1.70 He+ no U
2015-07-13 17:18 2015-07-13 17:27 B 0.23 0.58 He+ yes U
2015-07-13 21:43 2015-07-13 22:09 A 0.20 0.70 He+ yes U
2015-07-14 09:31 2015-07-14 11:14 B 0.12 0.66 O+ no U
2015-07-14 11:04 2015-07-14 11:45 A 0.46 0.78 He+ no U
2015-07-14 11:08 2015-07-14 11:52 B 0.97 1.33 H+ no U
2015-07-14 11:58 2015-07-14 12:27 A 0.36 0.65 O+ no U
2015-07-14 15:20 2015-07-14 15:47 A 0.99 2.01 H+ no U
2015-07-14 16:25 2015-07-14 16:44 A 0.75 1.25 H+ no U
2015-07-14 19:06 2015-07-14 19:31 B 1.09 2.07 H+ no U
2015-07-14 19:40 2015-07-14 19:56 B 0.41 0.69 He+ no U
2015-07-14 20:03 2015-07-14 20:20 B 1.07 1.38 H+ no U
2015-07-14 21:09 2015-07-14 21:48 B 0.28 0.45 He+ no PP
2015-07-15 09:58 2015-07-15 10:24 A 0.61 0.72 He+ no U
2015-07-15 13:26 2015-07-15 14:03 A 0.56 0.81 He+ no PP
2015-07-15 23:37 2015-07-15 23:49 A 0.23 0.81 O+ no U
2015-07-15 23:43 2015-07-16 00:09 B 0.18 0.51 He+ no U
2015-07-15 23:53 2015-07-16 00:00 A 0.48 0.85 O+ no U
2015-07-16 00:42 2015-07-16 00:59 B 0.14 0.30 He+ no U
2015-07-16 01:30 2015-07-16 01:48 B 0.11 0.39 He+ no U
2015-07-17 19:08 2015-07-17 20:05 A 0.53 0.82 He+ no PP
2015-07-18 23:46 2015-07-19 00:27 B 0.28 0.46 He+ no PP
2015-07-19 12:18 2015-07-19 13:11 A 0.35 0.57 He+ no PP
2015-07-19 12:57 2015-07-19 13:12 A 0.72 1.10 H+ no U
2015-07-19 15:47 2015-07-19 17:12 B 0.17 0.30 O+ no U
2015-07-19 17:12 2015-07-19 19:09 B 0.17 0.32 He+ no U
2015-07-19 17:26 2015-07-19 18:22 B 0.32 0.70 He+ yes PP
2015-07-19 19:35 2015-07-19 21:18 B 0.17 0.33 He+ no PP
2015-07-19 21:03 2015-07-19 22:38 B 0.18 0.28 O+ no PP
2015-07-20 10:08 2015-07-20 11:00 A 1.10 1.74 H+ no U
2015-07-20 12:57 2015-07-20 13:44 B 1.65 2.22 H+ no U
2015-07-20 14:01 2015-07-20 15:30 B 1.39 3.16 H+ no U
2015-07-20 14:24 2015-07-20 15:30 A 1.54 2.88 H+ no U
2015-07-20 15:59 2015-07-20 16:48 A 2.00 2.60 H+ no U
2015-07-20 19:24 2015-07-20 19:51 B 0.52 0.73 He+ no U
2015-07-20 19:27 2015-07-20 19:54 B 0.26 0.34 O+ no U
2015-07-20 19:56 2015-07-20 21:38 B 0.36 0.67 He+ no U
2015-07-20 20:05 2015-07-20 23:55 B 0.20 0.35 He+ no U
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2015-07-21 07:36 2015-07-21 09:42 B 1.00 2.60 H+ yes PP
2015-07-21 10:24 2015-07-21 11:12 A 1.47 2.50 H+ no PP
2015-07-21 11:11 2015-07-21 12:19 A 1.48 2.54 H+ no U
2015-07-21 12:22 2015-07-21 13:33 A 1.71 3.09 H+ no U
2015-07-21 14:44 2015-07-21 15:15 B 2.40 3.01 H+ no PP
2015-07-21 15:15 2015-07-21 15:44 B 2.25 2.78 H+ no PP
2015-07-22 11:26 2015-07-22 11:41 B 1.18 1.51 H+ no U
2015-07-22 11:50 2015-07-22 12:07 A 1.48 1.83 H+ no U
2015-07-22 12:27 2015-07-22 12:47 A 1.66 2.11 H+ no PP
2015-07-22 14:25 2015-07-22 14:37 A 2.17 2.39 H+ no PP
2015-07-23 00:57 2015-07-23 01:36 A 0.09 0.53 O+ no U
2015-07-23 01:44 2015-07-23 02:24 B 1.62 3.02 H+ no U
2015-07-23 01:54 2015-07-23 02:05 A 0.59 1.07 He+ no U
2015-07-23 06:13 2015-07-23 06:21 A 0.29 0.71 He+ no U
2015-07-23 07:02 2015-07-23 07:09 A 0.09 0.22 He+ no U
2015-07-23 09:59 2015-07-23 10:32 B 0.14 0.48 O+ no U
2015-07-23 11:49 2015-07-23 12:03 B 0.23 0.48 He+ no U
2015-07-23 12:19 2015-07-23 12:35 B 0.14 0.35 He+ no U
2015-07-23 13:30 2015-07-23 14:25 B 0.10 0.22 He+ no U
2015-07-23 14:53 2015-07-23 15:27 B 0.24 0.56 He+ no PP
2015-07-24 09:03 2015-07-24 09:38 A 1.27 1.42 H+ no U
2015-07-24 14:13 2015-07-24 15:23 B 0.17 0.67 He+ no U
2015-07-24 15:28 2015-07-24 16:37 B 0.14 0.29 He+ no U
2015-07-24 18:30 2015-07-24 18:40 A 0.87 1.10 H+ no U
2015-07-24 18:30 2015-07-24 18:43 B 0.24 0.42 He+ no U
2015-07-24 18:55 2015-07-24 19:47 B 0.31 1.18 He+ yes PP
2015-07-24 19:51 2015-07-24 20:31 B 0.33 0.93 O+ no PP
2015-07-24 21:32 2015-07-24 22:54 A 0.20 0.60 He+ yes U
2015-07-25 00:27 2015-07-25 01:38 B 0.32 0.50 He+ no U
2015-07-25 05:01 2015-07-25 05:39 B 0.26 0.77 O+ no U
2015-07-25 10:18 2015-07-25 10:45 A 0.27 0.85 O+ no U
2015-07-26 02:11 2015-07-26 02:39 B 2.72 4.51 H+ no U
2015-07-26 06:11 2015-07-26 06:45 A 0.43 0.74 He+ no PP
2015-07-26 08:46 2015-07-26 09:17 A 0.34 0.64 He+ no PP
2015-07-26 11:32 2015-07-26 12:30 B 0.19 0.51 He+ yes U
2015-07-26 15:14 2015-07-26 16:13 A 0.20 0.60 He+ yes U
2015-07-26 18:42 2015-07-26 19:39 A 0.26 0.75 He+ no PP
2015-07-26 19:40 2015-07-26 19:57 A 0.24 0.41 O+ no PP
2015-07-27 03:00 2015-07-27 03:22 A 0.52 0.80 He+ no U
2015-07-27 03:09 2015-07-27 03:19 A 0.78 1.01 H+ no U
2015-07-27 05:07 2015-07-27 05:55 B 0.12 0.30 O+ yes U
2015-07-27 06:12 2015-07-27 08:06 B 0.12 0.41 He+ no U
2015-07-27 08:02 2015-07-27 09:16 A 0.12 0.25 O+ no U
2015-07-27 09:32 2015-07-27 10:00 B 0.25 0.76 He+ no U
2015-07-27 09:40 2015-07-27 09:56 B 0.75 2.06 H+ no U
2015-07-27 11:09 2015-07-27 11:32 A 0.11 0.71 He+ no U
2015-07-28 05:11 2015-07-28 05:16 A 0.82 1.25 H+ no U
2015-07-28 07:56 2015-07-28 10:00 B 0.12 0.28 O+ no U
2015-07-28 12:49 2015-07-28 13:05 A 0.14 0.91 He+ no U
2015-07-29 01:46 2015-07-29 02:33 B 0.13 0.47 O+ no U
2015-07-29 02:45 2015-07-29 04:43 B 0.12 0.61 He+ no U
2015-07-29 19:56 2015-07-29 21:01 B 0.14 0.53 O+ no U
2015-07-30 07:43 2015-07-30 08:12 A 0.23 0.44 O+ no U
2015-07-30 07:57 2015-07-30 08:05 B 0.29 0.48 He+ no U
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2015-07-30 08:28 2015-07-30 09:04 B 0.23 0.44 He+ no PP
2015-07-30 13:43 2015-07-30 14:39 B 0.12 0.58 O+ no U
2015-07-30 15:46 2015-07-30 16:23 A 0.38 1.20 O+ yes U
2015-07-30 16:32 2015-07-30 17:26 B 0.27 0.55 He+ no U
2015-07-30 16:48 2015-07-30 17:14 A 0.55 1.13 O+ no U
2015-07-30 18:24 2015-07-30 18:29 B 0.52 1.05 He+ no U
2015-07-30 18:43 2015-07-30 19:33 B 0.12 0.71 He+ yes U
2015-07-30 18:46 2015-07-30 19:33 A 0.08 0.52 He+ yes U
2015-07-30 19:41 2015-07-30 21:49 A 0.07 0.41 O+ no U
2015-07-30 20:04 2015-07-30 20:47 B 0.14 0.81 O+ yes U
2015-07-31 01:09 2015-07-31 01:52 B 0.21 0.56 He+ no U
2015-07-31 01:15 2015-07-31 01:26 B 0.55 0.99 H+ yes U
2015-07-31 01:51 2015-07-31 02:04 B 0.13 0.39 He+ no U
2015-07-31 02:13 2015-07-31 04:01 B 0.07 0.50 He+ no U
2015-07-31 03:17 2015-07-31 03:32 A 0.75 1.13 H+ yes U
2015-07-31 04:18 2015-07-31 04:55 A 0.52 1.11 H+ no U
2015-07-31 05:27 2015-07-31 05:49 A 0.67 1.30 H+ no U
2015-07-31 08:19 2015-07-31 10:51 B 0.23 0.84 He+ no U
2015-07-31 13:55 2015-07-31 15:21 A 0.42 1.34 H+ no U
2015-07-31 19:02 2015-07-31 19:44 B 0.12 0.44 He+ no U
2015-07-31 21:39 2015-07-31 22:10 A 0.04 0.45 O+ no U
2015-07-31 22:51 2015-07-31 23:16 B 0.40 0.90 He+ no U
2015-08-01 23:12 2015-08-01 23:53 A 0.28 0.60 He+ no U
2015-08-02 00:35 2015-08-02 01:09 B 0.13 0.72 He+ no U
2015-08-02 16:14 2015-08-02 19:16 B 0.15 0.58 He+ no U
2015-08-03 18:27 2015-08-03 19:10 B 0.26 0.32 He+ no U
2015-08-03 20:10 2015-08-03 20:32 B 0.29 0.34 He+ no U
2015-08-04 02:16 2015-08-04 04:32 B 0.11 0.29 O+ yes U
2015-08-04 13:08 2015-08-04 13:32 A 0.22 0.36 O+ no U
2015-08-04 22:47 2015-08-04 23:24 B 0.14 0.41 He+ no U
2015-08-06 01:26 2015-08-06 01:55 A 0.11 0.28 O+ no U
2015-08-06 06:38 2015-08-06 07:00 A 0.11 0.25 O+ no U
2015-08-06 09:15 2015-08-06 09:35 B 0.54 1.15 He+ no U
2015-08-06 09:18 2015-08-06 09:26 B 1.74 2.23 H+ no U
2015-08-06 09:47 2015-08-06 10:00 B 1.87 3.11 H+ no U
2015-08-06 21:10 2015-08-06 22:46 B 0.10 0.24 O+ yes U
2015-08-06 21:27 2015-08-06 23:14 A 0.11 0.21 O+ yes U
2015-08-07 07:43 2015-08-07 08:08 A 0.35 1.85 H+ no U
2015-08-07 14:03 2015-08-07 14:47 B 0.08 0.48 He+ yes U
2015-08-07 14:32 2015-08-07 14:52 A 0.13 0.53 He+ yes U
2015-08-07 16:27 2015-08-07 17:03 A 0.16 0.54 He+ no U
2015-08-09 05:41 2015-08-09 06:25 A 0.60 1.70 H+ no U
2015-08-09 08:54 2015-08-09 09:40 B 0.21 0.43 O+ yes U
2015-08-09 10:09 2015-08-09 10:30 A 0.22 0.42 O+ yes U
2015-08-09 11:14 2015-08-09 11:30 B 0.29 0.47 He+ no U
2015-08-12 15:48 2015-08-12 15:55 A 0.14 0.34 O+ no U
2015-08-12 20:07 2015-08-12 20:35 B 0.14 0.35 He+ no U
2015-08-14 16:10 2015-08-14 16:49 B 0.85 1.15 H+ yes U
2015-08-14 16:50 2015-08-14 17:27 B 0.30 0.41 He+ no U
2015-08-14 16:53 2015-08-14 17:11 A 0.94 1.04 H+ yes U
2015-08-14 20:07 2015-08-14 20:23 B 0.32 0.50 He+ yes U
2015-08-14 20:10 2015-08-14 20:53 A 0.32 0.48 He+ yes U
2015-08-15 08:29 2015-08-15 08:55 B 0.56 1.33 O+ yes U
2015-08-15 08:58 2015-08-15 09:19 B 0.78 1.53 He+ yes U
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2015-08-15 09:12 2015-08-15 09:42 A 0.55 0.84 O+ yes U
2015-08-15 09:22 2015-08-15 09:42 A 0.84 1.34 He+ yes U
2015-08-15 10:57 2015-08-15 11:09 B 0.26 1.22 He+ no U
2015-08-15 11:17 2015-08-15 11:34 B 1.31 2.00 H+ yes U
2015-08-15 11:18 2015-08-15 11:32 A 1.45 2.21 H+ yes U
2015-08-15 11:19 2015-08-15 12:30 B 0.11 0.66 He+ yes U
2015-08-15 11:26 2015-08-15 12:05 A 0.15 0.61 He+ yes U
2015-08-15 12:14 2015-08-15 12:33 A 0.17 0.45 He+ yes U
2015-08-15 12:41 2015-08-15 12:59 B 0.20 0.39 He+ yes U
2015-08-15 13:03 2015-08-15 13:35 B 0.15 0.39 He+ yes U
2015-08-15 13:13 2015-08-15 13:20 A 0.15 0.44 He+ yes U
2015-08-15 17:33 2015-08-15 17:59 B 0.90 3.45 He+ yes U
2015-08-15 18:00 2015-08-15 18:17 A 1.00 3.20 He+ yes U
2015-08-15 19:39 2015-08-15 20:32 B 0.16 0.58 He+ yes U
2015-08-15 20:01 2015-08-15 20:36 A 0.18 0.65 He+ yes U
2015-08-15 21:08 2015-08-15 21:44 A 0.08 0.40 O+ yes U
2015-08-15 21:30 2015-08-15 21:42 B 0.09 0.20 O+ yes U
2015-08-16 05:50 2015-08-16 06:00 A 0.16 0.40 He+ yes U
2015-08-16 05:50 2015-08-16 06:00 B 0.16 0.40 He+ yes U
2015-08-16 11:29 2015-08-16 11:42 B 1.22 3.68 He+ yes U
2015-08-16 11:47 2015-08-16 12:05 B 0.12 0.63 O+ no U
2015-08-16 11:54 2015-08-16 12:00 A 1.50 3.00 He+ yes U
2015-08-16 14:44 2015-08-16 15:37 B 0.61 1.15 H+ yes U
2015-08-16 14:45 2015-08-16 15:44 A 0.61 1.08 H+ yes U
2015-08-16 15:34 2015-08-16 16:36 A 0.20 0.38 He+ yes PP
2015-08-16 15:42 2015-08-16 16:23 B 0.20 0.48 He+ yes U
2015-08-16 17:42 2015-08-16 18:19 B 0.40 1.13 He+ no U
2015-08-16 17:46 2015-08-16 18:04 A 0.22 0.35 He+ yes U
2015-08-16 17:49 2015-08-16 18:04 B 0.21 0.34 He+ yes U
2015-08-16 18:25 2015-08-16 18:30 A 0.73 1.11 He+ yes U
2015-08-16 18:33 2015-08-16 18:45 A 1.30 2.05 He+ yes PP
2015-08-16 18:33 2015-08-16 18:39 B 1.42 2.09 He+ yes U
2015-08-17 02:41 2015-08-17 02:58 B 0.59 0.98 He+ yes U
2015-08-17 02:44 2015-08-17 03:06 A 0.51 0.94 He+ yes U
2015-08-17 02:57 2015-08-17 03:09 B 0.44 0.80 He+ no U
2015-08-17 03:12 2015-08-17 03:22 B 0.67 1.22 He+ yes U
2015-08-17 03:28 2015-08-17 03:47 A 0.79 1.30 He+ yes PP
2015-08-17 08:03 2015-08-17 08:48 B 0.23 0.60 He+ yes U
2015-08-17 08:09 2015-08-17 08:45 A 0.24 0.62 He+ yes U
2015-08-17 08:12 2015-08-17 08:45 A 0.61 2.40 H+ yes U
2015-08-17 08:13 2015-08-17 08:48 B 0.60 1.90 H+ yes U
2015-08-17 08:53 2015-08-17 08:58 A 0.53 1.33 H+ yes U
2015-08-17 08:53 2015-08-17 08:57 B 0.58 1.03 H+ yes U
2015-08-17 12:03 2015-08-17 12:19 B 0.77 1.36 He+ no U
2015-08-18 07:13 2015-08-18 07:30 A 0.65 1.19 O+ yes U
2015-08-18 07:13 2015-08-18 07:30 B 0.65 1.19 O+ yes U
2015-08-18 09:41 2015-08-18 10:27 B 1.20 2.30 H+ no U
2015-08-18 18:39 2015-08-18 18:57 A 1.84 2.35 H+ yes U
2015-08-18 18:44 2015-08-18 19:06 B 1.54 2.28 H+ yes U
2015-08-18 22:03 2015-08-18 22:17 B 0.25 0.35 H+ yes U
2015-08-18 22:04 2015-08-18 22:24 A 0.23 0.34 He+ yes U
2015-08-19 05:39 2015-08-19 05:57 B 0.54 0.98 H+ no U
2015-08-19 06:22 2015-08-19 09:08 B 0.46 1.74 H+ yes U
2015-08-19 06:23 2015-08-19 09:01 A 0.50 1.72 H+ yes U
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2015-08-19 06:40 2015-08-19 07:51 B 0.21 0.43 He+ yes U
2015-08-19 07:01 2015-08-19 07:53 A 0.14 0.45 He+ yes U
2015-08-19 13:27 2015-08-19 13:33 A 0.91 1.29 H+ yes U
2015-08-19 13:38 2015-08-19 13:46 B 1.06 1.40 H+ yes U
2015-08-19 14:48 2015-08-19 15:26 A 0.18 0.44 He+ yes U
2015-08-19 14:54 2015-08-19 15:22 B 0.20 0.36 He+ yes U
2015-08-19 22:20 2015-08-19 22:27 A 1.06 1.39 H+ no U
2015-08-20 06:34 2015-08-20 06:58 A 1.80 2.70 H+ yes U
2015-08-20 07:11 2015-08-20 07:38 B 1.32 2.22 H+ yes U
2015-08-20 07:34 2015-08-20 08:54 A 0.80 1.40 H+ yes U
2015-08-20 07:36 2015-08-20 08:51 B 0.80 1.40 H+ yes U
2015-08-21 00:46 2015-08-21 00:59 A 1.89 2.33 H+ yes U
2015-08-21 08:25 2015-08-21 08:53 A 0.71 1.19 O+ no PP
2015-08-21 09:59 2015-08-21 10:23 A 1.47 1.67 H+ no U
2015-08-21 10:12 2015-08-21 10:45 B 0.64 1.10 He+ no PP
2015-08-21 17:51 2015-08-21 18:17 A 0.41 0.69 O+ no PP
2015-08-21 19:06 2015-08-21 19:47 B 0.47 0.91 He+ no PP
2015-08-22 02:41 2015-08-22 03:04 A 0.47 0.91 O+ yes PP
2015-08-22 03:00 2015-08-22 03:41 B 0.47 0.94 O+ yes PP
2015-08-22 04:49 2015-08-22 06:21 B 0.44 0.91 He+ no PP
2015-08-22 11:55 2015-08-22 12:08 A 0.22 0.52 O+ no U
2015-08-22 15:58 2015-08-22 16:28 A 0.20 0.57 He+ yes U
2015-08-22 16:07 2015-08-22 17:37 A 0.60 1.20 H+ no U
2015-08-22 16:35 2015-08-22 17:04 B 0.22 0.47 He+ yes U
2015-08-23 05:17 2015-08-23 05:45 A 0.87 1.39 O+ no PP
2015-08-23 05:59 2015-08-23 06:17 A 0.75 1.25 He+ yes U
2015-08-23 06:28 2015-08-23 07:43 B 0.34 2.34 He+ yes U
2015-08-23 06:58 2015-08-23 07:42 A 0.89 2.17 H+ no U
2015-08-23 07:36 2015-08-23 08:08 A 1.50 2.73 H+ yes U
2015-08-23 07:41 2015-08-23 08:21 B 1.60 2.60 H+ yes U
2015-08-23 07:53 2015-08-23 08:24 A 0.26 0.62 He+ yes U
2015-08-23 07:54 2015-08-23 08:33 A 0.60 1.39 H+ yes U
2015-08-23 08:08 2015-08-23 08:21 B 0.46 0.78 He+ yes U
2015-08-23 08:08 2015-08-23 08:31 B 0.77 1.78 H+ yes U
2015-08-23 08:40 2015-08-23 10:33 A 0.12 0.47 He+ yes U
2015-08-23 08:55 2015-08-23 10:39 B 0.12 0.47 He+ yes U
2015-08-23 08:56 2015-08-23 10:00 B 0.47 1.81 H+ yes U
2015-08-23 09:51 2015-08-23 10:32 A 0.56 1.25 H+ yes U
2015-08-23 10:03 2015-08-23 10:12 B 0.50 1.55 H+ yes U
2015-08-23 10:25 2015-08-23 10:38 B 0.51 1.14 H+ yes U
2015-08-23 10:45 2015-08-23 11:55 B 0.09 0.73 He+ yes U
2015-08-23 10:48 2015-08-23 11:22 A 0.13 0.57 He+ yes U
2015-08-23 11:25 2015-08-23 11:35 A 0.71 1.53 H+ yes U
2015-08-23 11:47 2015-08-23 11:51 A 0.55 1.05 He+ yes U
2015-08-23 12:02 2015-08-23 12:14 A 2.51 2.96 H+ no U
2015-08-24 17:38 2015-08-24 17:49 A 0.86 1.33 He+ no U
2015-08-24 18:55 2015-08-24 19:32 A 0.36 0.67 He+ no U
2015-08-26 00:04 2015-08-26 01:12 A 0.10 0.57 He+ no U
2015-08-26 00:44 2015-08-26 01:22 B 0.44 1.08 H+ no U
2015-08-26 01:18 2015-08-26 01:35 A 0.15 0.45 He+ no U
2015-08-26 01:36 2015-08-26 01:42 B 0.51 1.19 H+ no U
2015-08-26 06:14 2015-08-26 06:24 A 0.94 1.25 He+ no U
2015-08-26 07:48 2015-08-26 08:28 A 0.19 0.58 He+ no U
2015-08-26 08:04 2015-08-26 08:50 A 0.60 1.40 H+ yes U
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2015-08-26 08:07 2015-08-26 09:05 B 0.75 1.97 H+ yes U
2015-08-26 08:53 2015-08-26 09:04 A 0.20 0.50 He+ yes U
2015-08-26 08:54 2015-08-26 09:03 A 0.50 1.40 H+ no U
2015-08-26 09:09 2015-08-26 09:21 B 0.22 0.42 He+ no U
2015-08-26 09:11 2015-08-26 09:15 A 0.57 0.87 H+ no U
2015-08-26 09:24 2015-08-26 10:20 A 0.12 0.48 He+ yes U
2015-08-26 09:58 2015-08-26 11:29 B 0.11 0.45 He+ yes U
2015-08-26 10:04 2015-08-26 11:22 B 0.40 1.10 H+ yes U
2015-08-26 10:23 2015-08-26 10:41 A 0.16 0.51 He+ yes U
2015-08-26 10:26 2015-08-26 10:52 A 0.47 2.21 H+ yes U
2015-08-26 10:54 2015-08-26 11:26 A 0.19 0.95 He+ yes U
2015-08-26 12:05 2015-08-26 12:22 B 1.04 1.68 H+ no U
2015-08-26 13:02 2015-08-26 13:23 B 1.50 4.40 H+ no U
2015-08-26 13:04 2015-08-26 13:13 B 0.53 1.25 He+ no U
2015-08-26 13:25 2015-08-26 13:49 A 5.30 7.20 H+ no U
2015-08-26 16:42 2015-08-26 17:49 A 0.06 0.56 He+ yes U
2015-08-26 17:31 2015-08-26 18:03 B 0.17 0.69 He+ yes U
2015-08-26 22:25 2015-08-26 22:32 B 0.70 2.20 He+ no U
2015-08-26 22:26 2015-08-26 22:49 B 2.00 6.00 He+ no U
2015-08-27 00:30 2015-08-27 00:44 A 1.20 2.30 H+ no U
2015-08-27 00:51 2015-08-27 00:54 A 0.97 1.88 H+ no U
2015-08-27 01:28 2015-08-27 02:14 A 0.13 0.51 He+ no U
2015-08-27 02:17 2015-08-27 02:20 B 0.97 2.06 H+ no U
2015-08-27 02:32 2015-08-27 03:20 A 0.08 0.30 He+ no U
2015-08-27 02:48 2015-08-27 03:56 B 0.10 0.65 He+ yes U
2015-08-27 04:27 2015-08-27 04:30 B 0.59 0.98 H+ no U
2015-08-27 05:01 2015-08-27 05:07 B 0.11 0.44 He+ no U
2015-08-27 05:57 2015-08-27 06:03 B 1.05 1.66 H+ no U
2015-08-27 06:59 2015-08-27 07:23 B 0.36 1.44 He+ no U
2015-08-27 07:00 2015-08-27 07:08 B 1.16 2.75 H+ no U
2015-08-27 07:13 2015-08-27 07:19 B 1.50 3.30 H+ no U
2015-08-27 07:16 2015-08-27 07:29 B 2.20 6.00 H+ no U
2015-08-27 09:20 2015-08-27 09:31 B 1.55 4.06 He+ no U
2015-08-27 09:43 2015-08-27 09:54 A 1.69 2.50 H+ no U
2015-08-27 10:59 2015-08-27 11:28 B 0.97 1.85 H+ no U
2015-08-27 11:12 2015-08-27 11:34 A 0.44 1.36 H+ yes U
2015-08-27 11:36 2015-08-27 12:39 A 0.10 0.39 He+ no U
2015-08-27 11:44 2015-08-27 12:01 B 0.60 1.45 H+ yes U
2015-08-27 12:42 2015-08-27 13:40 B 0.10 0.48 He+ no U
2015-08-27 13:39 2015-08-27 13:56 B 0.17 0.46 He+ no U
2015-08-27 14:03 2015-08-27 14:17 B 0.17 0.48 He+ no U
2015-08-27 15:24 2015-08-27 16:30 B 0.20 1.40 He+ no U
2015-08-27 15:35 2015-08-27 15:54 A 0.42 1.14 O+ no U
2015-08-27 16:12 2015-08-27 16:33 B 1.50 6.30 H+ no U
2015-08-27 16:36 2015-08-27 16:44 B 2.80 6.47 H+ no U
2015-08-27 18:50 2015-08-27 19:00 A 0.13 0.73 He+ no U
2015-08-27 20:02 2015-08-27 20:16 B 0.20 1.50 He+ no U
2015-08-28 02:02 2015-08-28 02:05 A 2.73 7.58 He+ no U
2015-08-28 02:07 2015-08-28 02:22 B 5.04 6.83 He+ no U
2015-08-28 04:10 2015-08-28 04:41 B 0.59 1.26 He+ no U
2015-08-28 04:42 2015-08-28 04:48 A 0.40 1.93 H+ no U
2015-08-28 04:59 2015-08-28 05:21 A 0.13 0.43 He+ no U
2015-08-28 05:40 2015-08-28 05:48 A 0.09 0.46 He+ no U
2015-08-28 06:12 2015-08-28 06:40 A 0.12 0.40 He+ no U
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2015-08-28 06:24 2015-08-28 07:53 B 0.14 0.49 He+ no U
2015-08-28 08:06 2015-08-28 08:09 B 0.21 0.36 He+ no U
2015-08-28 08:10 2015-08-28 08:16 B 0.38 0.67 H+ no U
2015-08-28 08:11 2015-08-28 08:16 B 0.20 0.37 He+ no U
2015-08-28 08:22 2015-08-28 08:40 B 0.13 0.52 He+ no U
2015-08-28 08:56 2015-08-28 09:15 B 0.12 0.35 He+ no U
2015-08-28 09:58 2015-08-28 10:05 B 1.03 1.52 H+ no U
2015-08-28 10:22 2015-08-28 10:31 B 1.93 3.68 H+ no U
2015-08-28 10:59 2015-08-28 11:14 A 1.56 6.64 He+ no U
2015-08-28 12:21 2015-08-28 12:27 B 1.35 9.32 He+ yes U
2015-08-28 12:31 2015-08-28 12:36 B 2.11 4.54 He+ no U
2015-08-28 12:54 2015-08-28 13:22 A 0.79 1.39 H+ no U
2015-08-28 13:24 2015-08-28 14:54 A 0.18 0.58 He+ no U
2015-08-28 14:12 2015-08-28 14:37 B 1.05 1.69 H+ no U
2015-08-28 14:33 2015-08-28 14:55 B 0.69 1.18 H+ no U
2015-08-28 15:04 2015-08-28 15:14 A 0.10 0.39 He+ no U
2015-08-28 15:10 2015-08-28 15:37 B 0.25 0.55 He+ no U
2015-08-28 15:37 2015-08-28 16:07 B 0.12 0.38 He+ yes U
2015-08-28 15:37 2015-08-28 16:01 A 0.09 0.29 O+ yes U
2015-08-28 17:12 2015-08-28 17:28 A 0.27 0.59 He+ no U
2015-08-28 17:36 2015-08-28 18:03 A 1.10 3.10 H+ no U
2015-08-28 18:22 2015-08-28 18:32 A 3.28 10.54 H+ no U
2015-08-28 19:15 2015-08-28 19:20 B 2.80 3.74 H+ no U
2015-08-28 19:19 2015-08-28 19:28 B 1.85 2.53 H+ no U
2015-08-28 19:55 2015-08-28 20:00 B 6.06 8.55 H+ no U
2015-08-28 20:32 2015-08-28 20:40 A 3.13 5.41 H+ no U
2015-08-28 21:01 2015-08-28 21:31 A 1.29 2.40 H+ no U
2015-08-28 21:47 2015-08-28 22:09 B 8.55 18.14 H+ no U
2015-08-28 22:33 2015-08-28 22:49 A 0.82 1.28 H+ no U
2015-08-29 00:11 2015-08-29 00:43 B 0.73 1.46 H+ no U
2015-08-29 00:32 2015-08-29 00:52 A 0.28 0.48 He+ no U
2015-08-29 00:56 2015-08-29 01:06 B 0.34 0.48 He+ yes U
2015-08-29 01:23 2015-08-29 01:32 B 0.22 0.56 He+ no U
2015-08-29 01:35 2015-08-29 01:52 B 0.60 1.40 H+ no U
2015-08-29 02:33 2015-08-29 03:31 B 0.31 0.77 He+ no U
2015-08-29 02:41 2015-08-29 03:23 A 0.90 1.36 He+ yes U
2015-08-29 03:17 2015-08-29 03:23 A 1.92 2.84 H+ no U
2015-08-29 03:28 2015-08-29 03:56 A 0.65 2.00 O+ no U
2015-08-29 03:35 2015-08-29 04:19 B 0.46 1.16 He+ no U
2015-08-29 03:43 2015-08-29 03:51 B 1.08 1.55 H+ no U
2015-08-29 04:23 2015-08-29 04:53 B 0.74 1.49 He+ yes U
2015-08-29 04:55 2015-08-29 05:25 B 0.90 1.70 O+ no U
2015-08-29 04:56 2015-08-29 05:12 B 1.79 3.25 He+ no U
2015-08-29 05:48 2015-08-29 07:10 A 0.97 4.06 H+ yes U
2015-08-29 07:14 2015-08-29 08:31 B 1.21 4.55 H+ yes U
2015-08-29 07:19 2015-08-29 07:31 B 4.85 6.33 H+ no PP
2015-08-29 08:27 2015-08-29 08:39 A 0.70 1.04 H+ no U
2015-08-29 09:38 2015-08-29 09:49 A 0.79 1.19 H+ yes U
2015-08-29 09:44 2015-08-29 10:02 B 0.72 1.36 H+ yes U
2015-08-29 10:38 2015-08-29 12:02 A 1.10 3.37 H+ no U
2015-08-29 12:47 2015-08-29 13:27 B 1.88 3.82 H+ no U
2015-08-29 14:27 2015-08-29 15:04 A 2.27 5.66 H+ yes U
2015-08-29 15:58 2015-08-29 16:25 B 2.44 4.62 H+ yes U
2015-08-29 18:03 2015-08-29 18:15 A 0.63 0.94 H+ yes U
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2015-08-29 18:44 2015-08-29 19:38 B 0.68 1.06 H+ yes U
2015-08-29 23:33 2015-08-29 23:58 A 2.43 5.42 H+ no U
2015-08-30 00:24 2015-08-30 01:17 A 1.03 1.59 H+ no U
2015-08-30 00:33 2015-08-30 01:11 B 0.57 1.01 O+ no U
2015-08-30 01:14 2015-08-30 01:30 B 0.48 0.87 He+ no U
2015-08-30 01:20 2015-08-30 01:28 B 1.55 2.40 He+ no U
2015-08-30 01:33 2015-08-30 01:45 B 2.50 3.07 H+ no U
2015-08-30 01:57 2015-08-30 02:37 B 1.16 1.93 H+ no U
2015-08-30 02:44 2015-08-30 03:03 B 0.98 1.45 H+ no U
2015-08-30 07:55 2015-08-30 08:35 A 0.55 0.81 O+ yes U
2015-08-30 09:30 2015-08-30 09:43 A 0.64 0.96 He+ no U
2015-08-30 16:02 2015-08-30 16:23 B 0.91 1.34 He+ no U
2015-08-30 17:57 2015-08-30 18:13 A 0.56 0.98 He+ no U
2015-08-30 18:50 2015-08-30 19:21 B 1.70 2.16 He+ no PP
2015-08-30 19:21 2015-08-30 19:28 B 2.14 3.14 H+ no U
2015-08-31 01:51 2015-08-31 02:09 A 0.80 1.17 O+ no U
2015-08-31 10:44 2015-08-31 11:03 A 0.73 1.15 O+ no U
2015-08-31 11:38 2015-08-31 12:18 A 0.99 1.31 He+ no U
2015-08-31 15:39 2015-08-31 16:53 A 0.40 0.62 He+ no PP
2015-08-31 20:25 2015-08-31 20:41 A 1.45 1.71 He+ no U
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